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Technology and Condition

Subcutaneous immunoglobulin (SCIg) and intravenous
immunoglobulin (IVIg) for treatment of primary
immunodeficiencies (PIDs).

Issue

The use of [VIg for PIDs is well-established. SCIg is now
available in Canada and offers potential advantages, such
as home-based administration. Informed public policy
requires an assessment of the clinical and cost-
effectiveness of SClg, relative to IVIg.

Methods and Results

A systematic clinical review identified one randomized
controlled trial (RCT) and eight comparative
observational studies comparing [VIg and SCIg. A meta-
analysis could not be conducted because of clinical
heterogeneity between studies. The clinical evidence
suggests similarities between SCIg and IVIg in terms of
most outcome measures, except quality of life (QoL),
which was higher among SClg patients. Cost-
minimization and cost-utility analyses were performed to
compare self-administered SCIg, hospital-based [VIg, and
hypothetical home-based IVIg. Hospital-based IVIg was
associated with fewer quality-adjusted life-years
(QALYs) than home-based IVIg or SClg (0.648 versus
0.659 and 0.675 respectively) and higher associated costs
(C$21,273 versus C$19,433 and C$20,065).

Implications for Decision Making

e Home-based options require less
investment. A switch from hospital
IVIg to SCIg or home IVIg would
save C$700 to $1000 per person
yearly, given certain assumptions.

e Home IVIg is the least costly. Home
IVIg yields the larger net gain from
the avoidance of hospital and
treatment or diagnostic charges.
Compared to home IVIg, Sclg is
attractive, if decision makers are
willing to pay C$39,500 for a QALY.
Information about the magnitude of
initial investment, including training
costs and comparative effectiveness,
is needed to validate this.

e Uncertainty remains regarding
SClIg. The comparison between [VIg
and SClg is based on limited clinical
and economic information. SCIg may
be considered as a reasonable
alternative for patients with
contraindications to [VIg and poor
venous access. The widespread
adoption of SCIg may be imprudent,
until more information becomes
available.

This summary is based on a comprehensive health technology assessment available from CADTH’s web site
(www.cadth.ca): Ho C, Membe S, Cimon K, Roifman C, Kanani A, Morrison A. Subcutaneous Versus Intravenous
Immunoglobulin for Primary Immunodeficiencies: Systematic Review and Economic Evaluation

Canadian Agency for Drugs and Technologies in Health (CADTH)
600-865 Carling Avenue, Ottawa ON Canada K1S 5S8 Tel: 613-226-2553 Fax: 613-226-5392 www.cadth.ca
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EXECUTIVE SUMMARY

The Issue

The use of intravenous immunoglobulin (IVIg) for the treatment of primary immunodeficiencies
(PIDs) is well established. Subcutaneous immunoglobulin (SCIg) is now available in Canada, and
offers potential advantages such as home-based administration, decreased systemic adverse events
(AEs), and no need for vascular access. The clinical and cost-effectiveness of SCIg compared to [VIg
is unknown. There also seems to be a widespread use of [VIg for off-label indications. To investigate
these issues, we undertook a review of the evidence for the clinical efficacy and cost-effectiveness of
IVIg versus SClg, and explored Ig use in conditions other than PIDs.

Objectives

The aim of this systematic review was to assess the clinical and cost-effectiveness of SCIg compared
with IVIg. The budget impact of switching between therapies, and the use of Ig in Canadian patients
with conditions other than PIDs were also investigated.

Methods

A systematic review of the clinical and economic evidence from the published and unpublished
literature was conducted using accepted methods for the literature search, article selection, data
extraction, and quality assessment. For the clinical review, randomized controlled trials (RCTs) and
non-RCTs comparing clinical outcomes and AEs for [VIg and SCIg were included. The primary
outcomes included the number of infections and their severity. The secondary outcomes included
serum Ig levels, duration of infections, adverse reactions, days lost from work or school due to
infection, and health-related quality of life (QoL). For the economic review, non-Canadian
comparative cost-minimization studies were summarized. The cost-effectiveness of SCIg versus [VIg
was examined using two approaches: cost-minimization analysis (CMA) and cost-utility analysis
(CUA). The budget impact to the provincial health care system if patients were switched between
therapies was estimated. Reviews and consensus documents were examined to identify the evidence
for the use of Ig in conditions other than PIDs.

Results
Clinical review

Eight observational studies and one RCT with a sample size of greater than 500 of variable quality
were included. It was not possible to combine the clinical data statistically or to perform any meta-
analyses, because of insufficient data and variations in the reporting of outcomes. As a result, a
qualitative systematic review was performed by tabulating the results and providing a description of
the clinical data. A summary of these trials revealed three findings. First, high quality studies
comparing IVIg and SCIg are rare, and insufficient data are reported (i.e., only two studies compared
primary outcomes such as numbers and severity of infections between therapies). Second, data were
inconclusive and generally supported only minimal differences between SCIg and IVIg for primary
and secondary outcomes. Third, patients using SCIg seem to have a better health-related QoL than
those using IVIg; this is attributed primarily to the ability to use SCIg at home, rather than to the
product itself. Lastly, we found that Ig is used for >80 off-label indications in Canada, many based
on limited evidence of efficacy.
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Economic analysis

Four non-Canadian cost-minimization studies were reviewed. All found that SCIg is more cost-
effective than hospital-based IVIg. Because of the lack of reliable estimates from the clinical review,
we modelled two scenarios to examine the cost-effectiveness of home-based SCIg versus hospital-
based and hypothetical home-based I'VIg therapy.

In the first scenario, we assumed that SCIg is as effective as hospital-based [VIg and home-based
IVIg. SClg was found to be C$1,360 per year per patient less costly than hospital-based IVIg. This
difference is attributable to the similarity in per gram prices of SCIg and IVIg. The costs due to the
materials needed for SCIg infusion offset most of the gains from the avoidance of hospital, treatment,
and diagnostic charges. Home IVIg produces a larger reduction in costs from the avoidance of
hospital charges than SCIg (C$1,885 versus C$1,360), suggesting that it is the most cost-saving
route.

In the second scenario, the differences in effectiveness; i.e., numbers and severity of infections or
serious adverse effects (SAEs) were considered. Hospital-based IVIg was associated with fewer
QALY than home-based IVIg or SCIg (0.648 versus 0.659 and 0.675 respectively) and higher
associated cost (C$21,273 versus C$19,433 and C$20,065) and is therefore not cost-effective.
Compared to hypothetical home-based IVIg, SCIg produced an incremental cost-effectiveness ratio
(ICER) of C$39,500/QALY. A sensitivity analysis showed that a change in IVIg price and utility of
infection are the driving factors of cost-effectiveness. The results of threshold analysis showed that a
7% increase in the price per gram results in SCIg surpassing the willingness-to-pay threshold of
C$50,000/QALY. A similar effect was observed from a decrease in the utility of the number and
severity of infections from 0.46 to 0.32.

Budget impact analysis (BIA)

The results of the BIA show that the Canadian health care system would save C$9 million a year if 75%
of PID patients switch from hospital-based [VIg to SClg. This translates to an average saving of
approximately C$700 per patient, assuming a PID prevalence rate of 0.0004. The health care system
would save more (approximately C$13 million or C$1,000 per patient) if 75% of patients switch from
hospital-based I'VIg to home-based IVIg.

Conclusions

The comparison between [VIg and SClg is based on limited clinical evidence. It is reasonable,
however, to consider SCIg as an alternative to IVIg in patients with contra-indications to IVIg and
poor venous access. The overall use of Ig in Canada requires stricter controls, because it is used in
more than 80 off-label indications, many based on limited evidence of efficacy.

Under the assumption that SCIg, hospital IVIg, and home IVIg are equally effective, hypothetical
home IVIg is a potentially cost saving Ig route, because it yields the larger net gain from the
avoidance of hospital and treatment or diagnostic charges. Further investigation of the PID
prevalence rate, patients suitable for home-based IVIg, and most importantly, the magnitude of initial
investment needed to switch to home-based IVIg, is required to determine its cost-effectiveness
position.

When differences in effectiveness are considered, the economic arguments for SCIg are appealing.
Compared with hospital-based IVIg, SCIg dominates (greater expected benefits at less expected
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costs). In comparison with home-based IVIg, it is potentially cost-effective, depending on the
willingness to pay for a QALY. There is uncertainty about the cost and comparative clinical
effectiveness of SCIg. The cost-effectiveness of SClg is likely to change because of the availability
of a Canadian price for infusion pumps and kits, information about a less expensive method of
administering SClg, reliable comparative estimates of mortality rates among interventions, and
reliable comparative utility estimates for infections. Until reliable comparative clinical and cost-
effectiveness conclusions can be drawn, an option for Canadian decision makers may be to gradually
establish SClg as an alternative for patients who are willing and clinically suitable to switch to SCIg.
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ABBREVIATIONS

AE adverse event

BIA budget impact analysis

CA cost analysis

CBA cost-benefit analysis

CEA cost-effectiveness analysis

CIDP chronic inflammatory demyelinating polyneuropathy
CLL chronic lymphocytic leukemia

CMA cost-minimization analysis

CUA cost-utility analysis

CVID common variable immunodeficiency
FPI Freiburg Personality Inventory Scale
GI gastrointestinal

HEED Health Economic Evaluation Database
HIV human immunodeficiency virus

ICER incremental cost-effectiveness ratio

Ig immunoglobulin

IgA immunoglobulin type A

IgD immunoglobulin type D

IgE immunoglobulin type E

IgG immunoglobulin type G

IgM immunoglobulin type M

IMIg intramuscular immunoglobulin

ITP idiopathic thrombocytopenia purpura
v intravenous

IVIg intravenous immunoglobulin

LRTI lower respiratory tract infection

LYS life-years saved

MMN multifocal motor neuropathy

PDN IgM paraproteinemic demyelinating neuropathy
PID primary immunodeficiency

QALY quality-adjusted life-year

QoL quality of life

RCT randomized controlled trial

RTI respiratory tract infection

SAE serious adverse event

SC subcutaneous

SClg subcutaneous immunoglobulin

SD standard deviation

URTI upper respiratory tract infection
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1 INTRODUCTION
1.1 Background

Immunoglobulins (Igs) are proteins produced by B-lymphocytes and plasma cells. They are
components of the humoral immune system. Antibodies are Igs that are produced in response to
antigens. In the immune response, an antibody binds to the antigen that induced its formation, labels
it as foreign, and allows it to be recognized by the host immune effector cells (i.e., T-lymphocytes,
neutrophils, or macrophages) that ultimately neutralize and destroy the antigen. There are five Ig
classes, differentiated by molecular structure (i.e., IgG, IgM, IgA, IgD, and IgE). IgG is the most
abundant (normal concentration range 10.0 + 3.0 g/L), and it has a role in the secondary response to
previously encountered antigens. '

Impaired antibody production after a specific challenge occurs in primary immunodeficiencies
(PIDs) that are characterized by low or undetectable levels of all five Igs (e.g., X-linked
agammaglobulinemia) or by low IgG levels [e.g., hypogammaglobulinemia, hyper-IgM syndrome, or
common variable immunodeficiencies (CVIDs)]. The PID can be congenital or manifested later in
life, and is classified by mode of inheritance and by whether the genetic defect affects T-cells
(cellular immunity), B-cells (antibody or humoral immunity), or both. The defects in cellular
immunity predispose patients to disseminated viral and fungal infections; whereas those with
impaired humoral immunity have recurrent or chronic sinopulmonary infection, meningitis, and
bacteremia. The most common causes are pyogenic bacteria, such as Haemophilus influenzae,
Streptococcus pneumoniae, or Staphylococcus aureus.

Humoral immunodeficiencies make up the largest group of PIDs. As a group, they are relatively
common. The most common (i.e., isolated IgA deficiency) has a prevalence of approximately one in
600 individuals in Europe and North America. The next most common disorder is
hypogammaglobulinemia. In both states, the immunodeficiency typically becomes clinically evident
in young adults. In contrast, congenital hypogammaglobulinemia (e.g., X-linked
agammaglobulinemia, hyper-IgM syndrome) occurs early in life, is relatively rare, and before the
advent of Ig replacement therapy, often resulted in death during childhood. Currently, patients with
PID may lead relatively healthy lives with adequate antibody replacement therapy.’

The mainstay of therapy for PIDs, regardless of the underlying cause, has been Ig replacement
therapy, administered via the intravenous (IV) or subcutaneous (SC) route to reduce the frequency
and severity of infections.* In Canada, intravenous immunoglobulin (IVIg) use is approved for six
indications [i.e., primary immunodeficiency, hypogammaglobulinemia, idiopathic thrombocytopenia
purpura (ITP), pediatric human immunodeficiency virus (HIV), bone marrow transplantation, and B-
cell chronic lymphocytic leukemia].’ A recent review, however, found that it was actually used for
90 indications in adult and pediatric settings.® Past attempts have been made to define the appropriate
uses of IVIg (e.g., in 1997, a Canadian multidisciplinary consensus-building initiative was
undertaken to review current appropriate and inappropriate uses and future applications of IVIg).’

The IV route is the most common route of administration for Ig in Canada.®® In general, IVIg has
been successfully used by many patients, and is considered to be well tolerated.>” Nonetheless, there
are problems associated with the IV route that can affect the care of patients. Adverse events (AEs)
range from mild fever and rash to rare episodes of severe anaphylaxis.’ The transmission of the
hepatitis C virus has also been reported.'® Individual products vary in their propensity to cause AEs,
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and the outcome can be patient-specific.'®'! The infusion rates and the concentrations of solutions
are factors in patients’ tolerability.'' Poor venous access in some patients (e.g., infants) may result in
many attempts at venipuncture for each infusion. In some patients, indwelling central venous devices
are needed, with the associated risks of infection and thromboembolic complications. Given that
most IV infusions are performed in hospitals or clinics, the cost of regular IVIg is high, because of
the acquisition cost of the products and the expense of hospital-based administration.

In contrast, the SC route of administration is more common in some European centres.'* The
advantages of subcutaneous immunoglobulin (SCIg) include smaller doses that are given more often,
and may lead to sustained Ig serum levels and decreased systemic AEs, no requirement for vascular
access, and increased patients’ autonomy due to self-administration. The disadvantages include
frequent dosing due to the limited volume that can be administered at one time, slow response of
serum Ig levels, and patients’ reliability if self-administered at home. Lastly, the use of SCIg is
contra-indicated in patients with bleeding tendencies, or in those with skin conditions that affect a
large area of the body surface."

In Canada, Ig products are distributed through the Canadian Blood Services, and costs are funded
through the provincial and territorial health care budgets. The acquisition cost of [VIg is
approximately C$51 to C$64 per gram. Therefore, an infusion of 1 g/kg for a 70 kg adult costs
approximately C$4,000" or C$2,000 for a 500 mg/kg dose. The use of IVIg in Canada has increased
from 47 grams per 1,000 population in 1998 to 101 grams per 1,000 population in 2005-2006 (an
increase of approximately 115%)."> The total cost of IVIg for 2005-2006 was C$196.1 million."
Reviews comparing the clinical and cost-effectiveness of the two routes of administration are
warranted, because of the increasing use of [VIg and the potential health system impact of SC over
IV infusion.

1.2 Overview of Technology

The available Ig products on the market are prepared using the classic Cohn cold alcohol
fractionation process, first developed >50 years ago.'®!” In this process, plasma from large pools of
donors yield a fractionated serum of 95% to 99% IgG and traces of IgA, IgM, IgD, and IgE."® The
final product must be as free from bacterial and viral contamination as possible. There are several
methods for ensuring this, including: donor screening, nucleic amplitude testing to determine viral
load, virus partitioning using Cohn-Oncley fractionation, Kistler-Nitschmann fractionation,
chromatography or filtration, virus inactivation using pH 4 incubation, solvent-detergent, heat,
carylate or low pH formulation, and antibody-mediated virus neutralization.'' The IgG products
licensed for use in Canada are shown in Table 1.

IVIg and SClIg are available in liquid or lyophilized form. The liquid form takes less preparation
before use. Some products require refrigeration, and are available only in one or two
concentrations.'’ Standard IVIg treatment usually consists of infusions once a month.” The usual
maintenance dose for PIDs is 400 mg/kg to 600 mg/kg infused every three to four weeks, with a goal
of maintaining the trough serum IgG level above 5 g/L to 6 g/L.*° The dose could range from 1
g/kg/week to 2 g/kg/week during the active phases of autoimmune and inflammatory disease.’
Infusions usually take one to four hours*' and use standard IV administration equipment. Infusions
are most commonly administered in a hospital or outpatient setting, but can be administered at home.
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Table 1: 1gG products licensed for use in Canada

Product Manufacturer | Route | Dosage | Strength | Dose for Rate of Administration
Form PID
IGIVnex Talecris vV Solution | 10 g 100 mg/kg | Initial 0.01 to 0.02 mL/kg
Biotherapeutics; to 600 body weight per minute for 30
North Carolina, mg/kg minutes; may be increased to
UsS every 3 or | a maximum of 0.14 mL/kg
4 weeks body weight per minute
Gamunex” Talecris v Solution | 10 g 100 mg/kg | Initial 0.01 to 0.02 mL/kg
Biotherapeutics; to 600 body weight per minute for 30
North Carolina, mg/kg minutes; may be increased to
uUsS every 3 or | maximum of 0.14 mL/kg body
4 weeks weight per minute
Gammagard® | Baxter v Powder | 0.5g;2.5 | Monthly 5% solution: initial 0.5
S/D Corporation; for 5% g; doses mL/kg/hour; may be increased
ON Canada or 10% 5¢g10g | =100 to maximum 4 mL/kg/hour.
solution mg/kg 10% solution: initial 0.5
mL/kg/hour; may be increased
to maximum 8 mL/kg/hour
Iveegam® Baxter AG; v Powder |5g Monthly Initial 0.01 mL/kg/minute;
Vienna, Austria for 5% doses may be increased to maximum
solution >200 of 0.08 mL/kg/hour
mg/kg, up
to 500
mg/kg
Vivaglobin® | CSL Behring; SC Solution | 160 mg Weekly Total volume 15 mL per
ON Canada doses 100 | injection site at 20 mL/hour
to 200 per site; infusion into many
mg/kg sites at least 2 inches apart
body when dose >15 mL
weight

IgG = immunoglobulin type G; IV = intravenous; PID = primary immunodeficiency; SC = subcutaneous.

In comparison, SClg therapy consists of weekly administration, and the usual maintenance dose for
PID is 100 mg/kg, resulting in an accumulated monthly dose similar to that of IVIg therapy. The dose
is self-administered or parentally administered at home, and the required equipment is tubing,
needles or catheters, syringes, and an infusion pump. The initial infusion rate starts at 10 mL/hour,
and can be increased until the maximum rate of 22 mL/hour is reached.** Infusions typically take one
to four hours.?! During this time, patients are mobile, and can perform ordinary daily activities. In
preparation for home infusions, patients or parents are typically required to complete four to six
educational and training sessions at a hospital. Medical and nursing checkups are usually done every
fourth week during the training period, including self-infusions under supervision at a clinic. Once
home therapy is established, patients can document the details regarding each infusion (e.g., infusion-
related AEs, local tissue reactions at infusion sites, daily morning temperature, signs of infections,
and days lost from work or school due to infections and medications) in a diary that can be reviewed
during visits to the clinic.
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2 THE ISSUE

The use of [VIg for the treatment of PIDs is well established. SCIg is available in Canada and offers
potential advantages, such as home-based administration, decreased systemic AEs, and no need for
vascular access. The clinical and cost-effectiveness of SCIg compared to IVIg is unknown. There
seems to be a widespread use of [VIg for off-label indications. To investigate these issues, we
undertook a review of the evidence for clinical efficacy and cost-effectiveness of IVIg versus SClg,
and explored Ig use for conditions other than PIDs.

3 OBJECTIVES

This report aims to inform Canadian Blood Services, health care decision makers, and those who are
involved in the planning and delivery of Ig therapy about the evidence regarding the clinical
effectiveness and cost-effectiveness of SClg compared with IVIg. The budget impact of Ig therapy
for patients with PIDs will be determined.

The objectives are achieved by addressing four questions:

e What is the clinical effectiveness of SCIg in comparison with IVIg in the treatment of PIDs in
adult and pediatric populations? The effectiveness will be defined in terms of the numbers and
severity of infections and the numbers and severity of AEs.

e  What is the cost-utility of SCIg for PIDs compared with [VIg therapy?

e What is the potential budget impact of SCIg, in comparison with IVIg, to the provincial health
care system?

e  What are the other clinical conditions in which chronic Ig therapy is used?

4 METHODS
4.1 Literature Search Strategy

Literature searches were conducted for the clinical review and economic evaluation, and the results
from both were combined. All search strategies were developed by a CADTH information specialist,
with input from the project team. Another CADTH information specialist performed an internal peer
review of the search strategies.

The following bibliographic databases were searched through the OVID interface: Medline® (1950 to
present; Medline In-Process & Other Non-Indexed Citations), EMBASE (1980 to present), BIOSIS
Previews (1985 to 1989 and 1989 to present), CINAHL® (1982 to present). Parallel searches were
run in the Health Economic Evaluations Database (HEED) and the Cochrane Library. A search
strategy with descriptors and keywords focused on the concept of primary immune deficiency
disorders, including agammaglobulinemia, hypogammaglobulinemia, hyper-IgM syndrome, and
common variable immunodeficiencies in combination with SCIg and IVIg. Filters were applied to
limit the retrieval to controlled trials and systematic reviews or to economic studies (Appendix 1).
Three supplemental searches were conducted. The first search pertained to the economic
comparatives of [VIg or SCIg with other drugs for the treatment of primary immune deficiencies.
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The second search focused on the full spectrum of chronic uses of Ig and primary immune
deficiencies. The third search was related to guidelines on the delivery of Igs for PID patients.

Searches were restricted to English language clinical articles published from 1980 onward. OVID
AutoAlerts was set up to send monthly updates with any new literature results. Monthly search
updates were performed on the HEED, PubMed, and Cochrane Library databases until June 2007.

The grey literature was searched by reviewing the web sites of health technology assessment and
related agencies, professional associations, and other specialized databases. The search engines
Google™ and Yahoo! were used to search for additional web-based materials and information. These
searches were supplemented by hand searching the bibliographies of key papers and abstracts of
conference proceedings and through consultations with appropriate experts and agencies. The
manufacturers of [VIg and SCIg products were asked to provide additional information.

4.2 Selection Criteria and Method

4.2.1 Selection criteria

Studies were eligible for inclusion in the systematic review if they satisfied the study criteria and
contained at least one of the primary or secondary outcomes in Table 2.

4.2.2 Selection method

The selection criteria were established a priori (Table 2). Study selection was performed in two
stages: screening by title and abstract, and full-text review of the citations identified as relevant in the
first stage. The reference lists of relevant reports were manually scanned for additional studies,
including general reviews that addressed issues associated with Ig therapy. The manufacturers of Ig
were contacted.

Two reviewers independently selected the relevant clinical (CH and KC) and economic (CH and SM)
studies for inclusion in the review. Disagreements were resolved by discussion and consensus in all
cases.

4.3 Data Extraction Strategy

After the selection of relevant trials, two reviewers (CH and KC) independently extracted clinical
outcome data using a form that was designed a priori to capture pertinent information (Appendix 2).
The abstraction included information on the trial and publication (first author, year of publication,
journal, publication status, period and country of study, number of centres, sources of funding, study
design, sample size), patients (age, PID diagnosis, previous Ig treatment), intervention (treatment,
concomitant medications), outcomes related to clinical benefit (number of patients with infection,
severity of infections, length of infections, days lost from work or school due to infections, serum Ig
levels, quality of life), and outcomes related to harm (AEs, numbers of patients withdrawn because of
AEs). The reviewers compared the data they extracted, and in the case of any discrepancies, reached
consensus.

Another form, developed a priori, was used by two reviewers (CH and SM) to independently extract
the economic data (Appendix 3). The data extracted included publication characteristics (first author,
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year of publication, sponsor, year, and country), evaluation type (methods and design of model, if
appropriate), base-case analysis results, and sensitivity to changes in the assumptions and parameters
of the evaluation. The reviewers compared the data they extracted, and in the case of any
discrepancies, reached consensus.

Table 2: Study selection criteria

Criteria Clinical Economic
Study design RCT; comparative observational study Full economic study (including CMA, CEA,
(prospective or retrospective); *case CUA, and CBA); partial economic study
series and case studies excluded (including cost analysis, cost-comparison
analysis, cost-consequence analysis)
Population Adults and children with PID
Intervention SClg
Comparator IVig
Outcomes Primary Cost associated with QALY's
Number of infections (lower and upper LYS
RTI, GI infections, septicemia, and other | Prevention or reduction of infection
infections) Managing AEs
Severity of infections (hospitalization or Health care resource use
IV antibiotics required) Lost time
Secondary
Length of infections
Serum IgG levels
Days lost from work or school due to
infections
AEs
Number of withdrawals due to AEs
QoL

AEs = adverse events; CBA = cost-benefit analysis; CEA = cost-effectiveness analysis; CMA = cost-minimization analysis; CUA =
cost-utility analysis; Gl = gastrointestinal; IV = intravenous; LYS = life-years saved; PID = primary immunodeficiency; QALYs =
quality-adjusted life-years; QoL = quality of life; RCT = randomized controlled trial; RTI = respiratory tract infection.

4.4 Strategy for Quality Assessment

A form was used in the quality assessment of all included clinical studies (Appendix 4). The form
was modified from the Hailey* and Jadad** assessment scales to compare the study design and
performance of randomized control trials (RCTs) and observational studies. The scale assesses the
reporting of randomization, blinding, and withdrawals on a scale of one to 15. A score of one to five
indicates poor quality (unacceptable uncertainty of a study’s findings); a score of 11.5 to 15.0
indicates high quality (high degree of confidence in a study’s findings).

4.5 Data Analysis Method

It was not possible to combine the clinical data statistically, or to perform any meta-analyses, because
of insufficient data and variations in study design and reporting of outcomes. As a result, to answer
research question 1, a qualitative systematic review was performed by tabulating the results, and
providing a description of the clinical data. Despite these limitations, attempts were made to examine
the differences between the trials included in the review, where differences (e.g., study design,
population characteristics, or study quality) could be used to explain the discordance observed in the
results.
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The economic analysis was divided in two. The first part provides an overall understanding of the
quantity, quality, and applicability of existing economic evaluations. For the second part, available
primary and secondary data were used to build the cost-minimization analysis (CMA), cost-utility
analysis (CUA), and budget impact analysis (BIA) models needed to answer research questions 2 and
3. In CUA, primary outcomes (number and severity of infections) and severe adverse events (SAEs)
were modelled. Other secondary outcomes, such as length of infection, serum Ig levels, and days lost
from work or school were not modelled, because these data were not reported in the primary studies.
Where data were available, separate analyses were conducted for adults and children.

For research question 2, the CMA and CUA were conducted from a public health care payer
perspective, using effectiveness measures obtained from the systematic review of the clinical
literature and expert opinion. Indirect medical and non-medical costs were presented with direct
medical costs, but were excluded in the calculation. The aim was to compare the incremental cost of
SClg to the incremental health improvement attributable to SClg, with the results expressed as an
incremental cost-effectiveness ratio (ICER) per quality-adjusted life-year (QALY) gained. A Markov
decision model was developed to compare the outcomes attributable to SCIg, hospital-administered
IVIg, and home-administered IVIg. Data on health-related quality of life (QoL) and mortality rates
that were required for the calculation of QALY's were extracted from the clinical studies included in
the systematic review. Data from other studies were also used under these stated assumptions. Costs,
such as those related to health care resource utilization, time taken off work for caregivers, and Ig-
acquisition costs were identified through expert opinion (where necessary), the economic literature
search, and other sources.

For research question 3, the BIA for the health care system was conducted from the perspective of
the Canadian public health care payer. The time horizon for the analysis was one year. The BIA
provided annual estimates of the cost to the health care system to replace IVIg with SCIg or home-
based IVIg. A budget-impact model was constructed, including such inputs as health care resource
utilization, medical costs (SCIg and IVIg), equipment costs (e.g., pumps), and prevalence rates. Data
required for the BIA were gathered from the literature and Canadian data sources, such as Statistics
Canada and relevant societies and organizations. Where necessary, assumptions were made to derive
estimates. In such cases, the assumptions were stated.

5 RESULTS
5.1 Quantity of Research Available

The literature searches revealed 78 citations for the clinical review (Figure 1) and 63 citations for the
economic review (Figure 2). Of these, 34+2 (hand search) clinical articles were retrieved for further
scrutiny. A total of 27 articles were excluded (Appendix 6), resulting in nine relevant reports that met
the clinical selection criteria. Twelve economic articles were retrieved for further scrutiny. Eight
articles were excluded (Figure 2), resulting in four relevant reports that met the economic selection
criteria.
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Figure 1: Selected reports for clinical review

78 citations identified from

electronic searches and screening

44 citations excluded I

h 4

34 potentially relevant articles
retrieved for further scrutiny

(full text if available)

2 potentially relevant
articles from hand search

A 4

27 references excluded:

inappropriate study design
(e.g., reviews, case studies)
(15)

inappropriate population (3)
inappropriate outcomes, wrong
or no comparator (8)

duplicate (1)

A

9 unique studies
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Figure 2: Selected reports for economic review

63 citations identified from

electronic searches and screening

8 citations identified
from grey literature

A 4

59 citations excluded:
inappropriate study design (48)
inappropriate interventions (11)

12 potentially relevant articles
retrieved for further scrutiny

(full text if available)

\ 4

8 reports excluded:

inappropriate study design (6)
inappropriate interventions (2)

A

4 relevant reports

5.2 Trial Characteristics

5.2.1 Clinical studies

Of the nine included reports (N>500 patients), one was an RCT,* six were prospective studies,

22,26-30

one was a retrospective study,’'and one was a survey>” (Table 3). Two studies were conducted in

Canada and the US,?*% and seven studies were based in Europe.

22,25,26,30,31,

3334 Bour of the seven

European studies had the same first author.”?*?"3! Six studies were sponsored by

industry.22,25,26,28,

2932 Five studies focused on adult patients,

25,27,28,31,32

and four focused on adults and

children.”>**-*® The inclusion and exclusion criteria and patients’ characteristics appear in Table 4.
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Table 3: Characteristics of clinical studies

al.,” subset of
Ochs et al.”®

34 completed

Author Location Number of Funding Study Design Number of Length of Study Quality*
Sites Patients
Chapel er al.”® | UK, Sweden 3 Immuno Vienna (Baxter RCT, open-label, 30 randomized, 2 years 10.5 (good)
Hyland Immuna) crossover 22 completed
Gardulf er al.”> | Austria, Brazil, 12 Z1B Behring, Marburg, Prospective 60 enrolled, 43 weeks 12 (high)
Germany, Germany 52 completed
Poland, Spain,
Sweden
Gardulf er al*® | Sweden, Poland, 12 Z1B Behring GmbH, Prospective 58 enrolled, 10 months 11 (good)
Italy, Brazil, Marburg, Germany 47 completed
Germany
Gardulf et Sweden, 4 Swedish Medical Retrospective 165 enrolled, NA 7 (poor to fair)
al ' Denmark, Research Council; Centre | (medical records) 152 completed
Norway of Health Care Sciences; and questionnaires
Karolinska Institute,
Sweden; National Corp of
Swedish Pharmacies;
Huddinge University
Hospital, Sweden;
University of
Gothenburg, Sweden
Gardulf et al”” | Sweden NR Centre of Health Care Retrospective 25 enrolled, 12 months 8 (fair to good)
Sciences, Karolinska (medical records) 23 completed
Institute, Sweden; and prospective
Swedish Society of
Medicine; Huddinge
Hospital; Swedish
Medical Research
Council
Kittner et al.*? Germany 2 Baxter, Germany; Questionnaire 125 surveys sent; | NA 7 (poor to fair)
German Research 70 returned; 61
Counsel with enough data
for analysis
Nicolay et Canada, US NR ZLB Behring LLC, US Prospective 44 enrolled 12 months 11 (good)
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Table 3: Characteristics of clinical studies

Author Location Number of Funding Study Design Number of Length of Study Quality*
Sites Patients
Ochs et al.”’ Canada, US NR ZLB Behring, Germany Prospective 68 enrolled, 1 year 11 (good)
65 treated,
51 completed
Pac and Poland 1 Euro-Policy PID grant; Prospective 15 enrolled, 1 year IVIg; 3to 8 (fair to good)
Bernatowska™’ national projects grants crossover completed: NR 18 months SCIg

NA = not applicable; NR = not reported.

*Trial quality was scored using modified Hailey scale (Appendix 4).

A (overall score 11.5 to 15.0): high quality (high degree of confidence in study’s findings)

B (overall score 9.5 to 11.0): good quality (some uncertainty regarding study’s findings)

C (overall score 7.5 to 9.0): fair to good quality (some limitations that should be considered in any implementation of study’s findings)
D (overall score 5.5 to 7.0): poor to fair quality (substantial limitations in the study; findings should be used cautiously)

E (overall score 1 to 5.0): poor quality (unacceptable uncertainty of study’s findings)

Table 4: Inclusion and exclusion criteria, and patients’ characteristics in clinical studies

Author Age (years) Eligibility Criteria Previous Ig Treatment
Chapel et al.” Mean 44, range 18 to 67 Inclusion: age >13 years, previously treated or untreated | 26 previously treated; 4 untreated
with replacement Ig
Exclusion: significant thrombocytopenia, high levels of
anti-IgA antibodies, severe AEs due to blood product
within last 2 years

Gardulf er al.* Child: mean 7, range 3 to 11; Inclusion: age 2 to 75 years, IVIg or SClg therapy for >6 | Child: 16 IVIg, 0 SClg;
adolescent or adult (=12 years): | months, stable serum IgG trough levels (>5 g/L) Adolescent or adult: 33 TVIg, 11 SCIg
mean 30, range 13 to 74 Exclusion: history of anaphylactoid reactions to any IgG

preparation, severe chronic disease, known infection HIV
or with hepatitis A, B, or C

Gardulf ef al.* Child (<14 years) mean 7, range | Inclusion: age 2 to 75 years, IVIg or SCIg replacement Child: 15 I'VIg, 0 SClg;
3 to 13; adult (>14 years) mean therapy for >6 months before study, stable serum IgG Adult: 22 TVIg, 10 SCIg
33.5, range 14 to 74 trough levels (=5 g/L), no other chronic diseases, ability
and willingness to answer questionnaires

Exclusion: NR

Gardulf er al*'** | Mean 43, range 13 to 76 Inclusion: ongoing or previous SCIg 69 IMlg, 13 IVIg, 44 alternate IMIg or IVIg, 39
Exclusion: NR SCIg
Gardulf e al.”’ Range 18 to 73 Inclusion: hypogammaglobulinemia, age >18 years 12 IMIg, 9 IVIg + IMIg

Exclusion: NR
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Author

Table 4: Inclusion and exclusion criteria, and patients’ characteristics in clinical studies

Age (years)

Eligibility Criteria

Previous Ig Treatment

Kittner ef al.*?

IVIg: mean 51.2 + 14.5 SD;
SCIg: mean 37+ 9.1 SD

Inclusion: patients considered capable of SClg therapy
but on I'VIg; patients already on SClg
Exclusion: NR

28 IVIg, 33 SCIg

Nicolay et al.,*®

subset of Ochs et
al®

Previous IVIg at hospital or
doctor’s office: 36.1 + 13.6 SD;
previous IVIg at home: 35.5 +
13.2 SD

Inclusion: age >2 years, previous home-, hospital-, or
doctor’s office-based IVIg replacement therapy for at
least 4 months before study

Exclusion: NR

Previous IVIg at hospital or doctor’s office: 12.7
years £ 9.0 SD;
Previous IVIg at home: 14.3 years = 9.1 SD

Ochs et al.”®

Mean 33.9+ 15.2 SD

Inclusion: age >2 years, body weight >10 kg,
predominant antibody deficiencies (common variable
immune deficiency and X-linked agammaglobulinemia),
IVIg therapy >4 months before study

Exclusion: evidence of hepatitis A, B, or C or HIV
infection at screening, bleeding disorders, treatment with
immunosuppressive drugs, history of alcohol or drug
abuse, breastfeeding or women of childbearing age not
using adequate contraception

All 1VIg

Pac and
Bernatowska *°

Range 3 to 25

NR

AllTVIg

AEs = adverse events; HIV = human immunodeficiency virus; Ig = immunoglobulin; IgA = immunoglobulin type A; IVIg = intravenous immunoglobulin; NR = not reported; SD = standard
deviation; SClg = subcutaneous immunoglobulin.
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5.2.2 Economic studies

Of the four included reports, two were cost analyses (CA)

31,36

and two were CMAs.>"® The studies were conducted from the perspectives of

the health care systems in Sweden, Germany, the UK, and France. The study characteristics of the four reports are shown in Table 5.

Table 5: Characteristics of economic studies

Author and Country

Study Design,
Perspective,
Interventions

Study Population

Clinical Outcomes*

Cost Considered

Gardulf ez al.,*!
Sweden

CA

Swedish health care system
Home SCIg versus hospital
SCIg and hospital [VIg

165 PID patients aged 13
years to 76 years

Frequency of adverse systemic
reactions, occurrence and
intensity of tissue reactions and
serum IgG changes

Ig preparation, materials, personnel,
rooms, administrative overhead

Hogy et al.,’” Germany

CMA

German statutory health
insurance

Home SCIg versus hospital

Subgroup analysis: adults
(75 kg) and children (40

kg)

Used result of previous study,”
involving 30 PID patients that
showed no significant
differences in infection and AE

Ig, pre-medications, infusion pump,
physicians, diagnostic procedures, sick
leave for children’s caregivers

IVIg rates between SCIg and IVIg
Liu et al.,”® UK CMA Hogy et al.’s subgroup As in Hogy et al.; no As in Hogy et al.; Ig, pre-medications,
UK health system analysis: adults (75 kg) significant differences in infusion pump, infusion materials,

Application of appropriate and children (40 kg) infection and AE rates between | physicians, diagnostic procedures, sick
UK assumptions to Hogy et SClg and IVIg leave for children’s caregivers
al.’s*" cost calculations
Home SCIg versus home IVIg
and hospital [VIg

Haddad et al.,’® France | CA Not stated No clinical data provided; Hospital admission, transportation to
Public payer (France) authors assume equal and from hospital, Ig acquisition cost
Home SClIg versus hospital effectiveness between SClg (pre-tax), homecare nursing, rental
SClg and hospital IVIg and [VIg cost of administration pumps and

perfusion kits

AEs = adverse events; CA = cost analysis; CMA = cost-minimization analysis; Ig = immunoglobulin; IgG = immunoglobulin type G; IVIlg = intravenous immunoglobulin; PID = primary
immune deficiency, SClg = subcutaneous immunoglobulin.
* Primary outcome: infection rate; secondary outcome: AE rate, serum Ig levels
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5.3 Data Analysis and Synthesis

5.3.1 Results of clinical studies

Patients’ outcome data from the nine included clinical studies were grouped into eight categories.
The numbers and severity of infections reported in the included studies are shown in Table 6;
however, only studies containing data comparing IVIg and SCIg are discussed.

Table 6: Number and severity of infections from clinical studies

3.1/patient/

year

Author Number of Infections With 1Vig Infections With SClg
Patients Number Severity Number Severity
Chapel et al.” 30 (cross-over); | 165 (>85% 163 moderate; 122 (>85% RTI); p (between 121 moderate;
12 months each | RTI) 2 major 2 treatments)=0.766 for 1 major (urinary
arm (1 chest, but not Swedish centre and p=0.219 for | tract)
pneumonia; UK centre mean infection
1 sinusitis) scores
Gardulfet al” | 60; all patients | NR NR 127 (13 LRTIL, 101 URTL 5 GIL, | 1 serious
initially on IVIg, 1 urinary tract, others (pneumonia)
then switched to unspecified); annualized rate:
SCIg 3.6 infections per patient;
5 patients had no infections
Gardulf et al™ | 58 NR NR NR NR
Gardulfetal” | 165 NR NR NR NR
Gardulf et al.”’ 25; all patients NR foronly | NR Mean 0.2 days/year in hospital | 2 serious
initially on IVIg; (RTI) (1 pneumonia;
IVIg+IMIg, then | IVIg+IMIg 1 acute otitis media
switched to had mean and pneumonia due
SClIg 0.7 to Haemophilus
days/year in influenzae);
hospital in 2 deaths
preceding 5 (1 hypernephroma;
years (type 1 septicemia
of infections originating from
unspecified) central venous
catheter)
Kittner ef al.>” 125 Mean NR Mean 1.9£1.9 infections per 6 NR
questionnaires 2.842.0 months (URTI); p (between 2
sent; 28 IVIg infections treatments)=0.021
evaluated; 33 per 6 months
SCIg evaluated (URTI)
Nicolay et al.™ | 44 NR NR NR NR
Ochs et al.” 65; 51 NR NR 49 of 51 patients (96%) (57% 2 serious (bacterial
completed 1 patients reported sinusitis; 51% | pneumonia);
year study; all URTT; 25% bronchitis; 20% 0.04/patient/year
patients initially rhinitis; 20% conjunctivitis);
on IVIg, then annual infection
switched to 4.43/patient/year
SCIg
Pac and 15; all patients 34 10 serious 17 (15 URTL, 2 serious (bronchitis)
Bernatowska®’ initially on IVIg, | (respiratory (1 pneumonia; 2 LRTI); annual infection
then switched to | tract); 9 bronchitis) 1.6/patient/year
SClg annual
infection

Gl = gastrointestinal; IMIg = intramuscular immunoglobulin; 1VIg = intravenous immunoglobulin; LRTI = lower respiratory tract
infection; NR = not reported; RTI = respiratory tract infection; SClg = subcutaneous immunoglobulin; URTI = upper respiratory tract

infection.
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a) Numbers of patients with infections

Three studies compared the numbers of patients with infections receiving IVIg or SCIg. Chapel et a
(the only included RCT) reported no significant differences in the number and severity of infections
between the two routes of administration. Mean infection scores (the sums of all infections in each
treatment period) in the two treatment phases were 4.12 (range 2.20 to 5.50; 25 to 75 percentile) for the
IV route compared with 3.82 (range 2.20 to 6.30; 25 to 75 percentile) for the SC route. Differences
were not statistically significant (i.e., p=0.766 in Sweden and p=0.219 in the UK). In a prospective,
crossover study, Pac et al.* reported 34 respiratory tract infections (RTIs) during 12 months of IVIg
therapy; whereas, 17 RTIs were reported during 12 months of SC therapy. Kittner ez al.** used
questionnaires to ask patients to compare previous IVIg and current SCIg treatments. Patients reported
a mean of 2.8 + 2.0 infections per six months while receiving IVIg, and a mean of 1.9 + 1.9 infections
per six months after switching to SClg therapy. This reduction was statistically significant (p=0.021).

Z. 25

b) Severity of infections

Two studies compared the severity of infections in patients receiving IVIg or SClg. Chapel et a
reported three major infections: one chest infection, one sinusitis in the IVIg group, and one urinary
tract infection in the SCIg group. Pac et al.* reported 12 serious infections: one case of pneumonia,
nine cases of bronchitis in the IVIg group, and two cases of bronchitis in the SCIg group.

1-25

c) Duration of infections

Three studies compared the duration of infections in patients receiving IVIg or SClg. Chapel et al.”®
reported no differences between the two routes. In the Swedish cohort, infections lasted a mean of 87
days [interquartile range (IQR) 25 to 148 days] for IVIg, compared with 73 days (IQR 29 to 100
days) for SCIg. In the UK cohort, the figures were 56 days (IQR zero to 73 days) for I[VIg and 25
days (IQR seven to 45 days) for SCIg. The differences between the treatments were not statistically
significant in either country (i.e., p=0.212 in Sweden and p=0.156 in the UK).

In a study with retrospective and prospective components, Gardulf et al.*’ reported shorter infection-
related stays in hospital with SCIg administration. A retrospective analysis showed that IVIg and
intramuscular Ig (IMIg) treatment led to 0.7 days/year in hospital due to RTIs; whereas a prospective
analysis showed that SCIg treatment led to 0.2 days/year in hospital due to RTIs. The statistical
significance was not reported.

Pac et al.* also reported less total time on antibiotic therapy with SCIg treatment (138 days)
compared with IVIg (262 days). The statistical significance was not reported.

d) Serum Ig levels

Four studies compared the serum trough levels of Ig in patients receiving IVIg or SClg. All four
reported higher trough levels with SCIg treatment. Chapel et al.> reported median levels of 7.8 to 8.4
g/L (IQR 5.8 to 9.8) over six months for the IVIg group compared to 8.0 to 9.1 g/L (IQR 6.8 to 12.0)
for the SClg group. The statistical significance was not reported. In a prospective study, Gardulf et
al.** reported a mean trough level in children of 7.8 g/L (SD+1.9) for IVIg compared with 9.2 g/L
(SD#+2.4) for SCIg. In comparison, the mean adult trough level was 8.6 g/L (SD+2.2) for [VIg
compared with 8.9 g/L (SD=£2.1) for SClg. The differences between routes of administration were
statistically significant (i.e., p<0.001 for children and adults). In another prospective study, Gardulf*’
reported a mean trough Ig level of 3.3 g/L (range 0.4 to 12.5) after six months with [VIg, compared
with 8.1 g/L (range 4.6 to 16.7) with SClg. The statistical significance was not reported. In a
prospective study, Pac et al.*® also reported a higher mean trough Ig level with SCIg of 6.70 g/L
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(range 3.58 to 8.97) compared to [VIg of 5.33 g/L (range 3.48 to 7.44) after 12 months of therapy.
The statistical significance was not reported.

e) Days lost from work or school
One trial (Chapel et al.*®) compared the numbers of days off from work or school for IVIg and SCIg
treatments. The mean number of days off from work or school was 12 days for each treatment.

f Adverse events

Four studies compared the rates of AEs between IVIg and SCIg treatments. Chapel ef al.*® reported a
smaller infusion reaction (5%) for [VIg compared with SCIg (10.4%). The systemic AE rate was
higher for IVIg (7.5%) compared with SCIg (4.6%) treatment. Gardulf et al.”’” reported a 46.3%
infusion reaction rate with IVIg and a 0.93% rate with SCIg. There were no serious adverse reactions
in either group. In another study, Gardulf ez al.’' reported a 14% systemic reaction rate with IVIg and
a 0.3% systemic reaction rate with SCIg. Pac et al.’® reported no difference in systemic AEs between
the two administration routes (Table 7). No statistical significance of observed differences in AE
rates was reported.

Table 7: Adverse events reported in included clinical studies

Number of
Patients

Author Adverse Events

IVig
34/684 infusions (infusion
reaction 5.0%);
15 headache; 1 persistent

SCig
127/1,222 infusions (infusion reaction
rate 10.4%);
103 of these were pain or redness at

1'25

Chapel et a 30 (cross-over); 12

months each arm

headache;13 fatigue; 7 minor
rigors; 1 moderate rigors; 3
hot flushes; 3 urticaria,
pruritis, eczema; 2 increased
pulse rate; 1 dizziness; 1
nausea; 4 others;

51 systemic AEs in 684
infusions (7.5% AE)

infusion site; 35 pain at application
site; 71 erythema at site; 2 headache; 2
fatigue; 24 minor rigors; 2 moderate
rigors; 2 hot flushes; 7 urticaria,
pruritis, eczema; 1 increased pulse rate;
2 dizziness; 2 nausea; 1 tremor; 1
muscle stiffness; 1 myalgia; 1
arthralgia; 1 loin pain; 1 cold hands; 3
others;

56 systemic AEs in 1,222 infusions
(4.6% AE)

Gardulf et

2
al.

60; all patients
initially on IVIg,
then switched to
SClg

NR

28/2,297 infusions (1.2%) resulted in
systemic AEs: 24 mild, 3 moderate, 1
severe (possible vagal reaction, with
patient subsequently withdrawn from
study); 17 increased body temperature
(>38C); 1 dizziness; 1 malaise; 1 chills;
2 non-generalized skin reactions;
641/2,297 infusions (28%) followed by
local transient tissue reactions such as
swelling, redness, induration, or
soreness, not requiring any treatment;
98% classified as mild;

local transient tissue AEs in 641/2,297
infusions (28%); 98% of these were
mild

Gardulf et
al®

58

NR

NR

Gardulf et

165; 126 patients

192 reactions in 1,416

106 systemic reactions in 33,186
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Table 7: Adverse events reported in included clinical studies

IVIg+IMIg, then
switched to SCIg

patients): 179 mild, 0 severe

Author Number of Adverse Events
Patients IVig SClg
al ' initially on IVIg or | infusions (14%): 146 mild, 46 | infusions (0. 3%) in 28 patients (17%):
IMIg, then moderate 100 mild, 6 moderate;
switched to SClg; 87% of 152 patients had tissue
remaining 39 reactions at infusion sites at least once
patients only on (123 swelling, 106 soreness, 81
SClg redness, 77 induration, 56 local heat,
34 itching, 24 bruising, 8 rash)
Gardulf et 25; all patients 179 mild systemic AEs in 387 | 30 mild systemic AEs in 3,232
al” initially on infusions, 46.3% (5/9 infusions, 0.93% (8/25 patients): 30

mild, 0 severe AEs;

local reactions: local swelling (21
patients); erythema (13 patients);
tenderness (12 patients); induration (10
patients)

then switched to
SClg

antihistamine, and antipyretic
drugs in 1 patient

Kittner e al.*® | 125 questionnaires | NR NR
sent; 28 IVIg
evaluated; 33 SCIg
evaluated
Nicolay et 44; all patients NR Total AEs not reported; 3 withdrawals
al® initially on IVIg, due to local infusion site reactions; 1
then switched to withdrawal due to hyperventilation,
SClg increased heart rate, light-headedness
Ochs et al®”® | 65; all patients NR 2,584 AEs/3,656 infusions: 1,901
initially on IVIg, considered to be treatment related; 10
then switched to serious AEs in 9 patients (14%), 0
SClg considered related to study treatment: 1
surgery, | atrial septal defect, 1
postural hypotension, 1 gastroenteritis,
1 intestinal obstruction, 1 other GI
disorder, 1 depression, 1 epistaxis, 2
pneumonia;
59 patients (91%) with 1,787 infusion
site reactions; 21 patients (32%) with
59 headaches; 7 patients (11%) with 9
nausea events; 4 patients (6%) with 9
rash events; 3 patients (5%) with 3
asthenia events; 3 patients (5%) with 3
GI events
Pac and 15; all patients AEs requiring pre-medications | Most patients experienced local tissue
Bernatowska®™ | initially on IVIg, with hydrocortisone, reactions (slight swelling, redness,

induration or soreness) that were
transient and did not require medical
treatment;

1 patient with 2 instances of fever,
chills, skin redness, difficulties
breathing, required return to IVIg with
pre-medications

AEs = adverse events; Gl = gastrointestinal; IMIg = intramuscular immunoglobulin; IVIg = intravenous immunoglobulin; NR = not

reported; SClg = subcutaneous immunoglobulin.
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g) Number of withdrawals due to adverse events

The only trial to report the number of withdrawals due to AEs was Chapel et al.,”> where none of the
nine patients (0%) on IVIg therapy withdrew, compared with three of the 13 patients (23%) on SClg
therapy. The statistical significance was not reported.

h) Health-related quality of life (QoL)

Three trials compared the QoL of patients receiving IVIg or SClg. Different scales and
questionnaires were used to determine QoL (Appendix 7). In Kittner et al. ’s study,’® a questionnaire
was sent to 125 adult patients who had been on SCIg home therapy (average of 11.4 months) after
previous [VIg treatment or who had been on IVIg therapy administered at a clinic. Many patients
treated with IVIg worried about severe AEs occurring at home, but patients receiving SCIg did not
(p<0.001). All patients on SCIg therapy appreciated the new treatment, with the main advantage
being increased flexibility regarding administration. In general, patients on SCIg were more satisfied
than those on IVIg (p<0.001).

Nicolay ef al.*® investigated the impact of SCIg therapy at home on health-related QoL, treatment
satisfaction, and preferences in patients treated with [VIg at the hospital (group A) or at home (group
B) before treatment with SCIg. A short form health survey and questionnaires were used. In group A,
the preference was 81% for the SC route and 90% for home therapy (IV or SC). In group B, 69%
preferred the SC route, and 92% preferred home therapy (IV or SC). The statistical significance was
not reported. In a prospective study, Gardulf et al.*® after using a short form health survey and
questionnaires, found that children and adults who previously received hospital-based IVIg reported
better health-related QoL and treatment satisfaction after switching to SCIg (p<0.05).

A summary of the findings from the included clinical studies is provided in Appendix 7.

5.3.2 Results of economic studies

The cost parameters and assumptions in each included economic study (Table 5) were reviewed to
determine the extent to which the results can be applied to Canadian settings. The results and cost
information from these studies appear in Table 8.

In a CA study, Gardulf et al.>' compared the yearly costs of home- and hospital-based SCIg to those of
hospital-based IVIg from the perspective of the Swedish health care system. The primary focus of the
study was to record AEs and the perceptions of patients with PIDs receiving SCIg therapy. Data (i.e.,
serum IgG changes, frequency of adverse systemic reactions, and intensity of tissue reactions at
infusion sites) were recorded from questionnaires and medical records of 165 patients (most with
CVID) receiving SCIg therapy. Patients in the SCIg group reached similar serum IgG levels as those in
the IVIg group and reported no severe tissue reactions at infusion sites. In the SCIg group, 33,168
injections were administered, and 106 adverse systemic reactions were recorded in 28 patients (17%).
In the IVIg group, 1,416 infusions were administered, and reactions were reported after 192 infusions
(14%). The authors concluded that clinically, SCIg was a safe and convenient method of delivering Ig.

The per-patient yearly costs associated with IgG preparations, materials, personnel, rooms, and
administrative overhead for each Ig therapy were computed. The original values in Swedish kronor
were converted (one US$ equals 7.8 kronor), using 1993 prices. The authors used yearly costs to
compare hospital-based IVIg with hospital- and home-based SCIg. The yearly cost of hospital-
administered SCIg was US$4,656.00 with more than half (51%) of the cost attributed to IgG
preparations. In comparison, the yearly cost of hospital-administered IVIg was US$14,124.00, and
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93% of the cost was attributed to IgG preparations. The yearly cost of SCIg administered at home
was US$3,096.00, with 78% of the cost attributed to IgG preparations. The authors concluded that by
replacing hospital-based IVIg with home-based SCIg, the per patient yearly cost would be reduced
by >US$10,000.00.%!

We identified two issues with Gardulf et al.’s® study. First, the implicit assumption in the CA that
there was equal effectiveness between the two routes of administration could not be derived from the
clinical data presented in the study. Second, the actual cost of therapy by either route of
administration was underestimated, because the study only accounted for costs accrued to the
Swedish health care system. The costs associated with transportation of patients, management of
AEs, and time spent by caregivers were not considered in the analysis.

Hogy et al.’” performed a CMA based on Chapel et al.’s crossover study,” which found “no
significant differences in efficacy or adverse reaction rates between Ig replacement therapy given
subcutaneously or intravenously”. The CMA took the perspective of the German statutory health
insurance, including only those costs that could be reimbursed (e.g., costs due to Ig, pre-medication
for IVIg patients, infusion pumps and materials used with SCIg, treatment and diagnostic procedures,
and sick leave for children’s caregivers). The costs of managing AEs and time lost from work for
adults were considered to be identical for SCIg and ['VIg, and thus were excluded.

The yearly costs of SCIg and IVIg therapy were derived from the monthly costs for adults and
children, calculated as a function of their respective average monthly Ig dose (i.e., determined by
average body weight and market price per gram of Ig). The quantity of health care resources
(treatment and diagnostic procedures) used was obtained from a survey of 18 German PID-treatment
centres. All costs were expressed in 2003 euros (€).

The base case results show that the yearly costs to treat an adult patient were €31,027 (IVIg) and
€14,893 (SClg). The yearly costs for a child were €17,329 (IVIg) and €8,659 (SCIg). For both
subgroups, Ig costs were the main cost driver, accounting for >80% of the total yearly cost for each
treatment arm. One-way sensitivity analyses were conducted to factor in the uncertainties and
variations in resource use, average body weight, monthly dose, and prices. In adult patients, the
incremental costs between [VIg and SCIg were more sensitive to changes in the price of Ig and less
so to the changes in body weight. In children, the incremental costs were most responsive to changes
in body weight.

The results of Hogy et al.’s*” study show that SCIg is cost saving because the price is less than half
that of IVIg. Over the long term, this may not hold true because, if the effectiveness and safety of
SClg and of IVIg are similar (as stated in the study), market forces will eliminate per-unit cost
differences. An examination of resource use between SCIg and IVIg administration is needed to
determine their respective long-term cost-saving positions. Although Hogy et al.’” categorized
resource use as a “treatment or diagnostic procedure”, they did not itemize the resources included in
the calculations. As a result, it is unclear whether overhead costs and hospital charges were
accounted for. Moreover, the ability to generalize the results is questionable, because the authors did
not describe the methods used for the survey that were the basis for most of the cost calculations.

More recent work by Liu ez al.*® is instrumental in examining the cost drivers associated with IVIg and
SCIg. The authors did not develop a new analysis, but investigated whether Hogy et al.’s’’ costing
assumptions applied in the UK. This involved an examination of the cost parameters used in Hogy et
al.’s*” study and their underlying assumptions, followed by application of the appropriate UK costs
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parallel to the original German costs. An average 2003 monthly exchange rate of £1 for €1.453 and an
annual inflation rate of 2.9% were used to calculate the equivalent UK costs in £ for 2005.

Regarding to the costing assumptions between the two countries, Liu ef al.*® established that IVIg
and SCIg are administered at home and in the hospital in the UK. In adults, the yearly price and cost
of treatment or diagnostic procedures for IVIg were lower in the UK than in Germany (i.e., £10,800
versus £22,194 and £180 versus £407 respectively). The yearly cost of a SCIg pump was higher in
the UK (£180 versus £113). The costs associated with sick leave for caregivers of children and for
adult patients receiving [VIg and SCIg did not apply in the UK, and the costs due to infusion
materials and hospital charges for [VIg (originally excluded in Hogy et al.’s study) were applied in
the UK costing. The remaining cost parameters (i.e., SCIg price, pre-medication for [VIg patients,
and materials used for SCIg) were applicable and within the reasonable cost range in the UK.

The results of Liu ez al.’s® study showed that the yearly costs for home-based IVIg and SCIg therapy
were similar: £11,580 (IVIg) and £11,760 (SCIg) per year for adults and £6,540 (IVIg) and £6,720
(SCIg) per year for children. The differences were larger when the yearly costs of hospital-based
IVIg (£18,600) were compared with those of home-based SCIg (£11,760). The differences in cost
were attributed to hospital services, infusion materials, and treatment and diagnostic procedures for
IVIg patients.

Haddad et al.*® compared the monthly costs of treatment between IVIg and SCIg from the
perspective of the public payer in France. The comparison involved six treatment alternatives:
hospital 20g IVIg, hospital 20g SClIg, home 20g IVIg, home 20g SClg, home 40g IVIg, and home
40g SClg. The costs due to hospital admission, transportation to and from hospital, Ig acquisition
(pre-tax), homecare nursing, and rental of administration pumps and perfusion kits were included.
The treatment intervals were set at once per month for [VIg and four times per month for SClg
patients.

The base case monthly costs of treatment were:

IVIg 20g=€1,192.19 (hospital) and €1,033 (home)
SClg 20g=€2,908.76 (hospital) and €1,518 (home)
IVIg 40g=€2,034.50 (home)

SClg 40g=€2,507 to 2,729 (home)

The acquisition and hospital costs for either route of administration were major cost drivers. For
example, with IVIg 20g, approximately 57% of the total treatment cost is due to the cost of Ig, and
39 % is due to hospital charges. For SClg, approximately 30% of the total treatment cost is due to the
cost of Ig, and 64% is due to hospital charges. When Ig is administered at home (by IV or SC), the
IVIg patient has lower costs associated with the rental of administration pumps and perfusion Kkits,
and IVIg acquisition.

The reviewed studies appear similar in terms of clinical end points, cost items that were included in
the analysis, results of the cost-effectiveness analysis, assumption about treatment settings for SCIg
and I VIg patients, and assumption about the comparative effectiveness between SCIg and IVIg. The
difference between the studies is the degree to which SClg is cost-effective, because of differences in
study perspectives and differences in the per gram prices of Ig (which accounts for >78% of the total
costs of treatment) across countries.
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The major assumption in all the reviewed studies was equal effectiveness and safety between [VIg
and SCIg. This assumption, however, could not be derived from any of the reviewed studies, thus
putting the validity of the study results into question.

In the comparisons of routes of administration, when IVIg and SCIg are administered at home, the
difference in yearly costs is minimal. Depending on the costing assumptions used in the studies,
either route can be cost saving, relative to hospital administration. When hospital-based IVIg is
compared to home-based SCIg, the difference between the hospital charges for IVIg patients and the
costs of administration pumps and perfusion kits for SCIg patients are most likely to make SCIg cost
saving. While Ig cost accounts for most of the total cost of treatment by either route, the difference in
Ig cost between the two routes seems to be small, and varies across countries.

Table 8: Results of reviewed economic studies

Author Sensitivity Analysis on Study Endpoint Study Results
(Funding Cost Parameters
Source)
Gardulf et al.”! Not performed Total yearly cost of Hospital-based 1VIg=$14,124/year
(Swedish Medical SClIg treatment (home Hospital-based SCIg=$4,656/year
Research Council) and hospital) versus Home-based SClg =$3,096/year
IVIg treatment (costs in US$ at 1993 prices)
(hospital)
Hogy et al.”’ Patient’s weight; monthly Ig | Total yearly cost of Adult: IVIg=€31,027; SCIg=€14,893
(funding source dose; price/g of IVIg and SClg treatment versus Children: IVIg=€17,329;
unstated) SClg; costs of pump, IVIg treatment for each | SCIg=€8,659
treatment procedures, and subgroup (costs in 2003 prices)
pre-medications; and sick
leave
Liu et al.*® Not performed Total yearly cost of Adult: IVIg at home=£11,580
(funding source SClg treatment versus Adult: IVIg at hospital=£18,600
unstated) IVIg treatment for each | Adult: SCIg at home=£11,760
subgroup (costs in Children: IVIg at home=£6,540
2005 £) Children : SCIg at home=£6,720
Haddad et al.* Not performed Monthly treatment cost | Hospital [VIg
(funding source of SClg and IVIg (20g/month)=€1,192.19
unstated) Home IVIg (20g/month)=€1,033
Home IVIg (40g/month)=€2,034.50
Hospital SClg
(20g/month)=€2,908.76
Home SCIg (20g/month)=€1,518
Home SCIg (40g/month)=€2,507 to
€2,729

Ig = immunoglobulin; 1VIg = intravenous immunoglobulin; SClg = subcutaneous immunoglobulin.

6 CANADIAN ECONOMIC ANALYSIS

Research questions 2 and 3 are addressed in this section:

e What is the cost-utility of SCIg for PIDs compared to IV therapy?
e What is the potential budget impact of SCIg in comparison to IVIg to the provincial health care

system?
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6.1 Cost-Utility of SClg in Comparison to IVig

The study protocol for the economic evaluation called for a decision analysis model using the
estimates of clinical effectiveness derived from a systematic review of clinical studies.

It was not possible to combine the clinical data statistically or to perform any meta-analyses, because

of insufficient data and variations in the reporting of outcomes. As a result, two scenarios are

presented to describe economic analyses based on different assumptions pertaining to the

effectiveness of Ig therapy as follows:

e scenario A: a CMA is conducted assuming that SClg is as effective as [VIg

e scenario B: assumptions about the effectiveness estimates are used to develop a simple cost-
utility analysis (CUA) model

6.1.1 Key assumptions

Our baseline assumption was that PID patients, irrespective of their disease complications, have three
alternatives for receiving Ig: IVIg in hospital, IVIg at home, and SCIg at home. Because SCIg has
just been introduced in Canada, the short- or medium-term costs associated with training and
monitoring patients who are receiving home-based interventions are not known with certainty. As a
result, we assumed zero costs due to the initial learning process and production distribution for
patients receiving self-administered SCIg and home-based 1VIg.

6.1.2 Calculation of cost parameters

A review of the literature and interviews with clinical experts identified cost items that are relevant to
the Canadian societal perspective. These included Ig prices, charges for treatment or diagnosis by the
nurse or physician, hospital charges, costs of infusion pumps and infusion materials, transportation
costs, costs of sick leave for treatment, and monitoring costs. If cost data could not be identified from
the literature, we consulted clinical experts and relevant jurisdictions to obtain the necessary
estimates.

a) Immunoglobulin

The dose of Ig is a function of body weight. Therefore, in base case calculations we applied an
average weight of 70 kg for an adult and 40 kg for a child. The literature review established that the
average monthly dose is 0.4 g/kg of body weight, irrespective of SC or IV administration, and the
respective dosing interval is weekly (SCIg) and monthly (IVIg).*”** Therefore, the average monthly
dose of Ig is estimated to be 28 grams (adult) and 16 grams (child).

The current average price for [VIg is C$57.75 per gram (Mathias Haun, Canadian Blood Services:
personal communication, 2007 September 29). Therefore, the average monthly costs of IVIg were
calculated to be C$1,617 (adult) and C$924 (child). The yearly costs were obtained by multiplying
the average monthly costs by 12 months. The average Canadian price per gram of SCIg is unknown,
partly because the product is just being introduced, and few patients are using it. Nonetheless,
Canadian Blood Services (Mathias Haun: personal communication, 2007 September 29) and CLB
Behring Canada Inc. (Dr. David Barnes, CSL Behring, Ottawa: personal communication, 2007
September 29) have indicated that the price of SCIg is expected to be similar to that of [VIg
(C$57.75 per gram). A sensitivity analysis was performed on the cost calculation.
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b) Treatment or diagnosis by physician and nurse

The IVIg infusion takes an average of four hours,* and involves a physician and a nurse. The
average physician’s wage per patient visited in hospital for a four-hour IVIg infusion is C$32.00,"!
and a nurse’s average wage is C$13.75 per hour. Therefore, per patient the average monthly costs
with physician and nurse wages were estimated to be C$87. The base case yearly physician and nurse
labour costs were calculated to be C$1,044 per patient.

c) Hospital charges

Hospital charges include IVIg infusion materials (e.g., needles, tubing, beds, and storage),
administration support, and program management. To calculate a value for infusion materials, we
inflated the 2000 Ontario values obtained from a national list of provincial costs for health care®!
using an average annual inflation rate of 2.30%. The result was a C$45.72 monthly cost due to IVIg
infusion materials. The costs due to hospital administrative support averages C$50.00 per patient per
month in Ontario. This includes the patient’s data management and follow-ups for supplies and
materials. The per patient program administration charge averages C$15.00 per month, and covers
case management and monitoring. As a result, the monthly cost due to hospital charges adds up to
C$110.72 per patient.

d) Infusion pumps

We were unable to obtain Canadian prices for SCIg pumps, mainly because SCIg is used
infrequently in Canada. In the US, the retail prices for a SCIg pump (Marcal Sub “Q” distributed by
Marcal Medical Inc., http://www.marcalmedical.com ) range between US$900 and US$1,500,
averaging US$1,200. As a result, we derived an equivalent Canadian price (C$1,312.80) using an
average monthly exchange rate of US$1 to C$1.094. The literature review established that each SClg
pump lasts for five years, and that two pumps are recommended for each patient.*’* In the base case,
this translates to a yearly cost of C$525.12 per patient. The prices of pumps are the same for adults
and children.*® In some parts of the US, SClg is administered by scalp-vein needle and syringe
directly, for about 10 minutes. This method obviates the need for infusion pump and infusion sets.
We were unable to identify any clinical study on this approach.

e Infusion materials

Materials such as cannulas, catheters, and syringes are required for weekly infusions of SCIg. In the
US, these are available as a set that retails for US$115.00 (ClearView" “Sub-Q” set supplied by
Norfolk Medical Products Inc.).* One set lasts for 17 weeks.>” Therefore, three sets are needed for
one year of treatment. Using a mean monthly exchange rate of US$1 to C$1.094, the Canadian
equivalent yearly cost of SCIg infusion materials was calculated to be C$377.43 per patient. It was
assumed that the cost of IVIg infusion materials was similar to that of SCIg."

) Monitoring by physician or nurse

Patients undergoing home-based IVIg or SCIg therapy would require periodic monitoring by a nurse
or physician. It was assumed that once every six months, the nurse or physician would monitor the
patient to check the effectiveness and AEs of therapy, facilitate recalls, and track Ig products stored
in the patient’s home. This monitoring was estimated to cost C$55, an equivalent of four hours of a
nurse’s time if he or she had to be in the hospital administering IVIg. It follows that the yearly costs
would amount to C$110 per patient. This cost does not apply to hospital-based 1VIg, because it is
part of the hospital charges.
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g) Transportation

Adult patients and caregivers for a child receiving hospital-based IVIg incur transportation costs. On
average, a patient is required to travel 15 km to and from a clinic or hospital in Ontario.* An
estimated taxi fare for a 15 km round trip in Ontario is C$16, and the estimated public transit fare
(irrespective of distance travelled) is C$5.00 per round trip.** On average, the cost to the patient or
caregiver is C$10.50 per round trip to the hospital or clinic. For monthly IVIg treatment, this
translates into a yearly transportation cost of C$126.00 per patient or caregiver.

h) Time lost because of treatment

Time lost from work or school because of PID (e.g., hospitalization or complications) is part of the
overall disease burden to society. Such loss is part of the comparative clinical outcomes that remain
unknown in this study. Time lost from work or school to attend treatment is not part of the
comparative clinical outcomes. Therefore, the difference in the number of sick days that a patient or
caregiver takes to attend treatment was included in the cost calculation using a human capital
approach.

The cost calculation took into account that about 55% of the PID population are in the labour force,
and of these, 80% are full-time and 70% receive infusions during normal workdays.*>*® The time lost
because of treatment and travel for a hospital-based IVIg patient is five hours, four is spent for the
average IVIg infusion time. There is no difference in infusion time between adults and children.
Based on the average weekly earnings for Canadian full-time employees, we determined that each
hour lost because of treatment or caregiving is valued at C$18.92.

For home-based IVIg infusion, we equated time lost because of treatment or caregiving to the hourly
earnings lost from unpaid work (e.g., non-wage activities such as housework, providing care or
assistance for children or seniors, and volunteer activities). The forgone earnings from unpaid work
were obtained by “assuming unpaid work is worth $15,000 annually, based on an hourly wage of $7.50
and 2,000 hours of work annually.””"” Thus, an opportunity cost resulting from one hour lost because of
home-based [VIg infusion is C$8.56 per hour of unpaid work (after inflation adjustment to an hourly
wage of C$7.50 as of 2001). We assumed that home-based IVIg infusion takes four hours and SClg
infusion takes 1.5 hours on average to administer.* For home-based IVIg, an opportunity cost resulting
from one-hour home-administered SCIg is C$8.56 per one hour of unpaid work.

The base case cost parameters for each included item with their respective assumptions appear in
Table 9.

Table 9: Base case costs, assumptions, and source in scenario A

Item SCig IVig Assumptions Source
Home | Hospital

Adult’s weight NA 70 kg Hoggy et al.,”’

Child’s weight 40 kg Liu et al.,” PID

Monthly Ig dose, 28 ¢g Average monthly dose per | Survey

adult kg of body weight 0.4 g for

Monthly Ig dose, l6¢g either route

child

Dosing intervals Weekly Monthly

Per gram Ig price C$57.75 C$57.75 *

Monthly treatment or | NA 4 hours of nurse’s time plus | national cost
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Table 9: Base case costs, assumptions, and source in scenario A

Item SClg IVig Assumptions Source
Home | Hospital
diagnostic cost C$87.00 physicians’ fees, costs are list,* ¥, and }
same for home- and
hospital-based IVIg
Monthly hospital NA NA C$110.72 Same charges for adult and
charges child; cost covers infusion
materials, administrative
support, data management,
and follow-ups
Infusion pump cost C$525.12 | NA Similar pump prices for Berger M,
per year child and adult patients, 2 Hoggy et al.’’
pumps required per patient, | Liu et al.,*’
1 pump lasts 5 years http://www.marc
almedical.com
Infusion material cost | C$377.43 | C$377.43 | NA Same costs of infusion Berger M,"? Liu
per year for home materials for SCIg and et al.,”” Norfolk
IVIg and SCIg home-based IVIg; for Medical*
hospital-based IVIg, cost
included in-hospital charges
Monitoring costs C$55.00 C$55.00 NA Once every 6 months SCIg, | i
every 6 months and home-based [VIg
patients require monitoring
by nurse or physician
Transportation costs | NA NA C$10.50 Patient chooses to travel by | Ontario
per month public transit or taxi; Maternity Expert
average travelling distance Panel®
to clinics or hospitals 15 km
in Ontario
Cost of time lost for | C$8.56 C$8.56 C$18.92 Opportunity cost of time Statistics
treatment per hour taken to administer home- Canada;* Public
IVIg or SCI and hospital Health Agency
IVIg is forgone value of of Canada;"" PID
unpaid work and paid work | Survey®
respectively

*CBS (Mathias Haun: personal communication, 2007 Sept 29) and CLB (David Barnes: personal communication, 2007 Sept 29)

+

expert’s opinion; NA = not applicable

*IVIg figure from expert’s opinion and SClg figure from author’s conversion of UK figures obtained from Liu et al®®
Ig = immunoglobulin; IMIg = intramuscular immunoglobulin; 1VIg = intravenous immunoglobulin; NA = not applicable; PID = primary
immunodeficiency; SClg = subcutaneous immunoglobulin.

6.1.3 Scenario A: Cost-minimization analysis

In scenario A, SCIg and IVIg were assumed to yield identical clinical outcomes, as in Chapel et
al.’s® study (the only RCT included in the clinical review). The authors of this study concluded that,
“there are no significant differences in efficacy or adverse reactions between Ig replacement therapy
given subcutaneously or intravenously”; hence, this conclusion formed the basis for the CMA.

The base-case results from the CMA for an adult and a child by treatment appear in Tables 10 and 11
respectively. These results show that for each treatment arm, Ig prices account for >85% of the total
cost of therapy. The results show a cost difference between SCIg and hospital-based IVIg therapies
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of about C$2,000/year per patient, when indirect costs are included and a cost advantage for home-
based IVIg compared to SCIg. The difference is about C$1,400 per year per patient when indirect

costs are excluded.

Two factors explain the small cost difference between the two routes. First, the Ig acquisition cost,
that constitutes most of the total costs for each treatment alternative, is similar. Second, for SCIg

therapy, the high prices of the pump, monitoring, and infusion materials offset approximately half the

gains from averted hospital charges and treatment or diagnostic costs.

In the sensitivity analysis, we varied each cost driver to account for uncertainty in the use of
resources for each subgroup. We recorded the resulting incremental cost differences for each
parameter to determine their respective magnitude of influence to the base case incremental cost
differences. The sensitivity ranges for each parameter, with the justification, are tabulated against

base-case parameters in Table 12.

Table 10: Results of adult yearly cost by treatment in scenario A

Cost Items SClg IVig
Home based Hospital based

Immunoglobulin C$19,404.00 C$19,404.00 C$19,404.00
Treatment by physician and nurse N/A N/A C$1,044.00
Hospital N/A N/A C$1,328.64
Infusion pump C$525.12 N/A N/A
Infusion materials C$377.43 C$377.43 N/A
Monitoring C$110.00 C$110.00 N/A
Total direct treatment C$20,416.55 C$19,891.43 C$21,776.64
Transportation N/A N/A C$126.00
Time lost because of treatment C$616.32 C$410.88 C$1,135.20
Total direct and indirect C$21,032.87 C$20,302.31 C$23,037.84

IVIlg = intravenous immunoglobulin; N/A = not applicable; SClg = subcutaneous immunoglobulin.

Table 11: Results of child yearly cost by treatment in Scenario A

Cost Items SClg IVig
Home based Hospital based

Immunoglobulin C$11,088 C$11,088 C$11,088
Treatment by physician and nurse N/A N/A C$1,044.00
Hospital N/A N/A C$1,328.64
Infusion pump C$525.12 N/A N/A
Infusion materials C$377.43 C$377.43 N/A
Monitoring C$110.72 C$110.72 N/A
Total direct treatment C$12,101.27 C$11,576.15 C$13,460.64
Transportation N/A N/A C$126
Time lost because of treatment C$616.32 C$410.88 C$1,135.20
Total direct and indirect C$12,717.59 C$11,987.03 C$14,721.84

IVIg = intravenous immunoglobulin; N/A = not applicable; SClg = subcutaneous immunoglobulin.

The results of the sensitivity analysis are shown in tornado diagrams, depicting the influence of each

parameter on incremental cost. Tornado diagrams for children are replicas of those for adults,
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because the dollar value for each variable (except the per gram price of Ig that is the same for each
intervention) is applied to adults and children. Except for the first comparison, we display only the
adult tornado diagrams. For adults (Figure 3) and children (Figure 4), the results of the sensitivity
analysis show that the yearly incremental cost differences between SCIg and hospital-based IVIg are
more responsive to hospital charges, treatment costs, costs of infusion pumps, and costs of infusion
materials. Overall, the cost differences are not driven by the per gram price of IVIg and SClg,

because they are assumed to be in the same range.

The yearly incremental cost differences between SCIg and home-based IVIg are responsive to the
cost of infusion pumps and time lost because of treatment (Figure 5). The per gram prices of SCIg
and IVIg, infusion materials, body weight, and monitoring were assumed to be in the same sensitivity
range between the two interventions. Therefore, they do not influence the cost differences. Hospital
charges, time lost because of treatment, and infusion materials are major drivers of the cost

differences between home-based IVIg and hospital-based IVIg (Figure 6).

Table 12: Base-case parameters, ranges of sensitivity analysis, and rationale in scenario A ‘

IVIg)

Item Base-case Sensitivity Analysis Rationale for Range
Parameters Range
Adult’s weight 70 kg 45 kg to 95 kg +25 kg
Child’s weight 40 kg 2 kgto 70 kg Infant to adult
Ig monthly dose per kg body 04g 0.15gt00.60 g Range reported from PID
weight survey”
IVIg price per gram C$57.75 C$50.00 to C$70.00 Current range (CBS)
SClg price per gram C$57.75 C$50.00 to C$70.00 CBS range
Infusion pump (SCIg) cost C$525.12/year C$262.56 to C$787.68 +50%
Infusion materials cost C$377.43/year C$188.71 to C$566.14 +50%
Treatment costs (hospital I[VIg) | C$1,044.00/year C$522.00 to C$1,566.00 | £50%
Transportation cost (hospital C$10.50/month C$5.00 to C$20.00 Bus fare to taxi fare

Monitoring cost (SCIg and home
IVIg)

C$55.00/6 months

C$0.00 to C$220.00

0 to 4 times a year

Time lost because of treatment
(SCIg)

C$8.56/hour
(unpaid work)

C$4.28 to C$25.68

0.5 to 3 hours per infusion

Hospital charges (IVIg)

C$1,328.64/year

C$664.32 to C$1992.96

+50%

Time lost because of treatment

C$8.56/hour

C$8.56 to C$51.36

1 to 6 hours per infusion

(home IVIg) (unpaid work)
Time lost because of treatment C$18.92/hour (paid | C$18.92 to C$151.36 2 to 6 hours per infusion
(hospital IVIg) work)

CBS = Canadian Blood Services; Ig = immunoglobulin; IVlg = intravenous immunoglobulin; N/A = not applicable; PID = primary
immunodeficiency; SClg = subcutaneous immunoglobulin. (Mathias Haun: personal communication, 2007 Sept 29)

Although SClIg is shown to be the most cost-effective therapy in this scenario (with a slight cost

difference), Chapel et al.*

concluded that SCIg and IVIg produce equivalent clinical outcomes. This

may not represent the whole body of clinical evidence because of several limitations. First, SCIg was
reported to have more (mild, moderate, and local) AEs and a greater number of patients with AEs
than [VIg. No statistical test, however, was conducted. Second, the conclusion would be more
meaningful if the outcome analysis was conducted on an intention to treat basis. Third, the study may
have been inadequately powered, and was compromised by the high withdrawal rate (>25%)

observed.
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Figure 3: Adults (SClg and hospital 1VIg) in scenario A
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Figure 4: Children (SCIg in hospital) in scenario A
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Figure 5: Adults (home IVlg and SCIg)
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Figure 6: Adults (home IVIlg and hospital IVIg)
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6.1.4 Scenario B: Simple cost-utility model

To determine the ICERs, we constructed a simple Markov model (Figure 6). We estimated the
clinical outcomes and costs for three groups of adult patients: SCIg group, hospital-based IVIg
group, and home-based IVIg group. We populated the model using the limited data from the
literature review, in consultation with a clinical expert.

The primary outcomes identified from the systematic review of the clinical studies were reduction in the
number and severity of infections and reduction in mortality. AEs, duration of infection, serum Ig levels,
days lost from work or school, and health-related QoL were identified as secondary outcomes. Our
model could not capture all the key parameters because of the lack of probability and utility estimates.

Nonetheless, we were able to derive the key estimates for primary outcomes and SAEs, though
imperfect, by using limited data from the literature, and applying various methods and assumptions.
The time horizon of our model is one year, and the analysis was performed from the perspective of
the Canadian publicly funded health care system, with only direct costs considered. Figure 7 depicts
possible transitions for a PID patient in the model. Generally, in each treatment arm, patients may die
six months within the treatment period, become healthy throughout the year (with or without SAEs),
or become partially healthy within six months of treatment, with a possibility of death or recovery
within the last six months of treatment. The partially healthy A state is reached when a patient
experiences a lower number of infections but a more severe infection. The opposite holds for the
partially healthy B state.

a) Effectiveness probabilities, utility estimates, and costs

The main effectiveness outcomes modelled were the numbers and severity of infections and SAEs
that were unrelated to the speed of infusion. Instead of treating AEs as a part of outcome, we
modelled SAEs as a categorical variable, because a growing body of literature suggests that AEs
constitute the difference between [VIg and SCIg. Relevant to the model were the costs and utilities
associated with death, infections (number or severity), hospitalization due to uncured infection,
medication for infections, and self recovery (non-hospital recovery) from SAEs. The growing body
of literature provides estimates of outcomes only (e.g., numbers of infections or severe infections
reduced). It does not provide direct estimates of the probabilities of either intervention to yield the
desired outcomes. In light of this, we calculated such probabilities from the outcomes of clinical
studies?****** and a published survey.*’

Estimates for utility of survival and low or severe infections were adopted from the literature,*-°
while those for hospitalization and SAEs were estimated using data from studies.****!

Several assumptions were applied to derive the costs of death, infection, hospital recovery, and death
occurring during treatment for a SAE. The cost of death occurring within three months of treatment
by either Ig route was set at zero, while the cost of death from more severe or larger numbers of
infections after treatment by either route was equated to the respective resources consumed by the
patient before death. The cost of infection (irrespective of number and severity) was set at
C$20,416.56 for SCIg, C$21,776.64 for hospital-based IVIg, and C$19,891.43 for home-based IVIg
administration. We assumed that the cost of infection was equal to the total costs of its cure.

The costs of hospitalization due to a larger number of infections or more severe infection after the initial
treatment were assumed to be the sum of the initial total cost of the Ig route, new hospital charges, and
new treatment charges by nurses and physicians. The cost of therapy for treating SAEs during the 12-
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month course of PID treatment was fixed at C$100.00, while non-therapy recovery from SAEs was set

at C$50.00. The sources, assumptions, and parameters of the model are shown in Table 13.

b) Results of cost-utility analysis

The base case results indicate that SCIg is the most cost-effective intervention when compared to

home-based [VIg, with an ICER of C$39,500/QALY, based on a threshold ICER of C$50,000/QALY.
Although the costs per QALY for home-based IVIg and SCIg are about the same, SCIg produces more
QALYs (0.675 versus 0.659). The ICER between SClg and hospital-based [VIg suggests that the latter

is not cost-effective (i.e., dominated). The effectiveness of the three routes of administration seems to
be similar in terms of QALY and cost per QALY (Table 14).

Figure 7: Simple Markov model in scenario B
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Table 13: Cost-utility model parameters, assumptions, and sources in scenario B

Parameter | Probability Event Utility Assumptions Source
Chance
Death at 0.024 for 0.024 0.00 Occurs within 6 Chance and probability: Liu et
initial SCIg and months of al.; *° utility: standard
therapy IVig treatment measure
Survival 0.904 0.59 0.8 Utility same for Utility: Liu ez al.; *° chance
(healthy) (SCIg) each Ig route and probability: expert’s
0.925 (IVIg) assumption
Number of | 0.79 (SCIg) | 0.22 0.46 Utility same Utility: Liu et al.; *°
infections 0.77 (IVIg) chance for each Ig | probabilities calculated from
route Mahadevia, ¥ Ochs et al.;*
chance: expert’s assumption
Severity of | 0.96 (SCIg) | 0.166 0.46 Utility same Utility: Liu et al.; *° chance:
infections 0.80 (IVIg) chance for each expert’s assumption;
route probabilities calculated from
Liu et al, * Ochs et al.,” and
PID survey45
SAEs 0.096 0.096 0.8 AEs only Utility converted using scores
(SClg) measurable when from PID survey of QoL* and
patient treated and | Nicolay ef al.;* chance
at healthy state calculated from Chapel et al.”
SAEs (home | 0.075 0.075 0.78 AEs only Utility converted using scores
or hospital measurable when from PID survey of QoL* and
IVIg) patient treated and | Nicolay et al.;** chance
at healthy state calculated from Chapel et al.”®
Recovery 0.988 0.988 0.45 Same for each Ig Chance calculated from PID
from route; 0.01 survey;® utility from Liu et
infection reduction in base al®
while in case utility if
hospital patient recovers in
hospital
Therapy 0.03 (IVIg) 0.03 (IVIG) | 0.8 (SClIg) | Same data for Calculated using data from
required to | 0.06 (SCIg) | 0.06 (SCIg) | 0.79 home- and Chapel et al.”
recover (IVIg) hospital-based
from SAEs IVIg
Cost Parameters
Parameter Cost Assumption
Cost of death occurring at start of 12 months 0 End stage disease

treatment (<6 months treatment)

Cost of death occurring at end of treatment
period (>6 months of treatment)

(C$20,416.55 SCIg
C$21,776.64 hospital IVIg
C$19.,891.43 home IVIg

Cost equal to year of health care
resources consumption by
patient before death

Cost of infection (SCIg) C$20,416.55 Equated to total cost of

Cost of infection (home IVIg) C$19,891.43 treatment by respective Ig route
Cost of infection (hospital [VIg) C$21,776.64

Hospital recovery of infection (SCIg) C$20,614.27 Respective initial total cost plus
Hospital recovery of infection (hospital TVIg) | C$21,974.36 1 month’s costs of administering

Hospital recovery of infection (home IVIg)

C$20,089.15

recovery medications (hospital
charges and treatment charges
due to nurse and physician)
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Table 13: Cost-utility model parameters, assumptions, and sources in scenario B

Cost Parameters
Parameter Cost Assumption
Self recovery from SAEs (SClg) C$20,466.55 Fixed C$50 added to total cost
Self recovery from SAEs (hospital IVIg) C$21,826.64 of each intervention
Self recovery from SAEs (home IVIg) C$19,941.43
Therapy recovery from SAEs (SCIg) C$20,516.55 Fixed C$100 added to total cost
Therapy recovery from SAEs (hospital IVIg) | C$21,876.64 of each intervention
Therapy recovery from SAEs (home IVIg) C$19,991.43

AE = adverse events; Ig = immunoglobulin; 1VIg = intravenous immunoglobulin; PID = primary immunodeficiency; QoL = quality of
life; SAE = serious adverse event; SClg = subcutaneous immunoglobulin.

Table 14: Cost-utility base case results in scenario B

Treatment Cost QALY ICER (C$/QALY)
Home-based IVIg C$19,433 0.659 Reference
SClg C$20,065 0.675 C$39,500
Hospital-based [VIg C$21,273 0.648 Dominated

ICER = incremental cost-effectiveness ratio; IVIg = intravenous immunoglobulin; QALY = quality-adjusted life-year.

c) Sensitivity analysis

Considering the limited information on the probability distributions for each parameter, we
established that a probabilistic sensitivity analysis would be difficult to apply. As a result, we
performed one-way sensitivity analyses to examine the effects of variation on the three key
parameters (i.e., utility of infection, utility of hospital recovery due to infection, and hospital and
physician or nurse costs). Base case results were responsive to changes in utility of infection (in
terms of numbers and severity of infections) and utility of hospital recovery (Table 15). SClg therapy
dominated hospital-based IVIg even when hospital charges, physician costs, and nurse costs for
hospital [VIg were lowered by 50%.

Table 15: Results of sensitivity analysis showing changes in ICER ($/QALY)

for SClg versus home IVIg in scenario B

Parameter SClg ICER (C$/QALY)
Base case C$39,500
Change infection utility from 0.46 to 0.30 C$57,454
Change infection utility from 0.46 to 0.60 C$30,095
Change hospital recovery utility from 0.45 to 0.30 C$79,000
Change hospital recovery utility from 0.45 to 0.60 C$52,666
Reduce hospital charges and physician or nurse costs by 50% (hospital [VIg) C$39,500

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; SClg = subcutaneous immunoglobulin.

To determine the extent to which the per-patient total cost of SCIg and disutility of number and
severity of infections have to increase for SCIg to be non-cost-effective, we performed a threshold
analysis. The results show that a 7% increase in the per gram price of SCIg (plus additional yearly
fixed costs of infusion pump, materials, and monitoring) results in SCIg being non-cost-effective,
based on a threshold ICER of C$50,000/QALY. A similar effect was observed after an increase of
disutility of number and severity of infections from 0.46 to 0.32. Figures 8 and 9 depict the results of
the threshold analysis.
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Figure 8: ICER threshold analysis on SClg total cost

Sensitivity Analysis on SClg year total cost

200K
180K
160K
140K
120K
100K
80K
60K
40K
20K

Incremental Cost/Eff ($/QALYs)

o
A

19.4K 21.1K 22.8K 24.4K
SClg year total cost

SClg
@ Hospt-1Vig
A Home-IVlg

ICER=incremental cost-effectiveness ratio; IVIg=intravenous immunoglobulin; QALY=quality-

adjusted life-year; SClg=subcutaneous immunoglobulin.

Figure 9: ICER threshold analysis on disutility of infection
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The results of the model must be interpreted with caution, because of the many assumptions made
about the parameters. Most probability estimates of the paths were derived from consultation with an
expert. Some utility estimates were independently calculated, and some were adopted from clinical
studies that compared IVIg with no treatment. Furthermore, the absence of mortality estimates for
each intervention necessitated a uniform application of Ig mortality rates to each treatment arm. This
may have contributed to the small differences in effectiveness between treatments.

6.2 Budget Impact Analysis
6.2.1 Factors considered in analysis

To perform a BIA over a one-year time horizon from the payer’s perspective, we identified four
relevant factors (Table 16). The first was the disease prevalence rate or number of patients suffering
from PID in Canada. The second was the proportion of PID patients in each subgroup (i.e., children
and adults). The third was the number or proportion of patients receiving IVIg and willing to switch
to SClg for each subgroup, and the fourth was the costs of treatment by either route, applicable to the
Canadian health care payer.

a) Prevalence of PIDs in Canada

No reliable information was available on the incidence rate of PID, because we could not identify any
epidemiological studies reporting the prevalence of the disorder in the Canadian population. The
estimates available from the Canadian Immunodeficiency Society”” indicate that one in every 2,500
Canadians suffers from PID. This would result in approximately 13,000 Canadians suffering from
immunodeficiencies. When we calculated the number of patients, using national IVIg utilization data for
2006 and average yearly IVIg consumption (assuming IVIg is only consumed by PID patients), we
found that the 13,000 patients is likely an underestimate of the actual prevalence rate. This was found
even when we varied the adult to child patient ratio in relation to national IVIg consumption. Regardless,
we used the conservative number of 13,000 patients for the base case assumption in the BIA.

b) Proportion of children with PID

The amount of SCIg or IVIg consumed depends on the patient’s body weight. Therefore, we
differentiated between adults (70 kg) and children (40 kg) on the basis of average body weight. We
could not find any estimates of the proportion of children in the PID population in Canada. In the US,
children accounted for approximately 40% of the PID population in 2003.* Assuming a similar
percentage in Canada, the number of Canadian children with PID would be approximately 5,200.

c) Proportion of patients receiving IVlg and willing to switch to SClg

Because [VIg is the standard therapy for PID disorders in Canada, we assumed that most PID
patients, if not all, received IVIg. This is in accordance with the findings of a 2003 US survey of PID
patients that reported an average of 70% of patients being treated with IVIg.*> Therefore, if one
assumes that there are 13,000 Canadian PID patients, this would imply that approximately 9,000
receive [VIg infusions. No Canadian study has been conducted on PID patients’ willingness to switch
from hospital IVIg to home [VIg or from hospital IVIg to self-administered SCIg, so the proportion
of Canadian patients willing to switch to SCIg is unknown. A study involving Canadian and US PID
patients reported that >80% of patients on [VIg are willing to switch to home IVIg or self-
administered SCIg.?® Similar results were reported in a US study, where approximately 74% of PID
patients receiving IVIg indicated a willingness to switch.*’ As a result, we assumed that 75% of
patients in each subgroup were willing to switch to either route in the base case.
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d) Costs relevant to health care payer

The applicable costs are those attributed to the direct use of health care resources in each treatment
arm. The total cost of the use of resources for SCIg is the sum of the costs associated with the
acquisition of SCIg, purchase of pump and infusion materials, and monitoring. For hospital IVIg, the
total cost is the sum of costs of purchasing [VIg, treatment and diagnosis costs, and hospital charges.
The total costs for home IVIg include the cost of [VIg, infusion materials, and monitoring.

Table 16: Parameters for BIA

Parameters Base Source Assumption Sensitivity
Case Range
Prevalence rate 0.0004 Canadian 0.0002 to
Immunodeficiency 0.0008
Society’s web site*”
Percentage of patients who are | 40.00 US PID survey® Rates are similar | 20 to 60
children in Canada
Percentage of patients on IVIg | 70 US PID survey® 60 to 95
Percentage of patients 75 US PID survey® and 5010 90
switching to either route Nicolay et al.™®
Total Costs
Home IVig Hospital IVIg SClg Assumptions
C$11,576.15 child C$13,460.64 child C$12,101.27 child Same per-gram price of [VIg and
C$19,891.43 adult C$21,776.64 adult C$20,416.55 adult SClg for child and adult patients

BIA = budget impact analysis; IVIg = intravenous immunoglobulin; PID = primary immunodeficiency; SClg = subcutaneous
immunoglobulin.

From the parameters listed in Table 16, we calculated the two dimensions of budget impact. In the
first dimension, we projected the yearly overall costs of switching from hospital-based [VIg to SCIg
or home-based IVIg. In the second dimension, we estimated expected savings (cost differences) per
year resulting from switching between routes. In both dimensions we assume that patients switch to
SCIg or home-based IVIg at the start of the treatment year. Thus, each patient is at zero treatment
cost before switching.

First dimension: expected costs per year

Because of uncertainty in the BIA parameters, especially prevalence rates, we constructed three
scenarios (base case, low bound, and upper bound) by varying the parameter in the sensitivity ranges.
For each scenario, yearly total costs due to switching to SCIg were calculated as BIA=(cost for child)
x (number of children switching) + (cost for adult) x (number of adults switching). The results of
the first dimension BIA appear in Table 17.

The first dimension of BIA shows that the health care system will incur costs between C$60 million
and C$160 million to switch 75% of patients to SCIg and between C$55 million and C$155 million
for a similar switch to home-based IVIg. If 50% of patients switch to SClg, the cost due to the use of
health care resources is between C$40 million and C$106 million. A similar switch to home-based
IVIg results in costs between C$40 million and C$100 million. If 90% of patients switch to SClg, the
cost is between C$70 million and C$190 million, while switching to home-based [VIg at the same
rate costs between C$70 million and C$180 million. In general, the results are more responsive to the
rate of switching than to the type of therapy (SCIg or home IVIg).
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Table 17: Results of first dimension BIA — expected yearly cost of switching

Number of Number of Number of BIA SClg BIA IVIg
Patients Patients on Patients
Hospital-IVig Switching
Assuming 75% of PID patients switch to SClg or home-based IVIg (base case)
Low bound 6,400 4,480 3,360 C$57,422,938 C$55,660,651
Base case 13,000 9,100 6,825 C$116,640,342 C$113,060,698
Upper bound 25,600 12,350 9,262 C$158,287,399 C$153,429,573
SCIg BIA range C$60 million to C$160 million. Home-IVIg range C$55 million to C$150 million
Assuming 50% of PID patients switch to SClg or home-based IVig
Low bound 6,400 4,480 2,240 C$38,281,958 C$37,107,100
Base case 13,000 9,100 4,550 C$77,760,228 C$75,373,798
Upper bound 25,600 12,350 6,175 C$105,531,738 C$102,293,012
SCIg BIA range C$40 million to C$106 million. Home-IVIg range C $40 million to C$100 million
Assuming 90% of PID patients switch to SClg or home-based IVig
Low bound 6,400 4,480 4,032 C$68,907,525 C$66,792,781
Base case 13,000 9,100 8,190 C$139,968,410 C$135,672,837
Upper bound | 25,600 12,350 11,115 C$189,957,128 C$184,127,422
SCIg BIA range C$70 million to C$190 million. Home-IVIg range C$70 million to C$180 million

BIA = budget impact anlysis; Ig = immunoglobulin; IVIg = intravenous immunoglobulin; PID = primary immunodeficiency; SClg =
subcutaneous immunoglobulin.

Second dimension: expected savings per year
From the parameters listed in Table 16, we derived the equation for the BIA to show the impact of
switching from hospital IVIg to self-administered SCIg or home-based IVIg.

For SClg, the equation would be BIA SCIg=(HsptlVa—SubQa)+(HsptlVc—SubQc), where HsptIVa
and SubQa are the total costs of hospital IVIg and self-administered SCIg for adult patients
respectively. HsptIVc and SubQc are the total costs of hospital IVIg and self-administered SClIg for
child patients respectively.

Therefore, BIA SClIg=[(adult cost of hospital-IVIg—adult cost of SCIg) x (number of PID-
patients) x (% of adult-patients) x (% of [VIg-patients) x (% patient switching)]+[(child cost of
hospital-IVIg—child cost of SCIg) x (number of PID-patients) x (% of child-patients) x (% of [VIg-
patients) x (% patient switching)].

For home-based IVIg, the equation is BIA home-IVIg=(HsptlVa—HomIVa)+(HsptIVc— HomIVc),
where HomIVa and HomIVc¢ are the total costs of home I'VIg for adult patients and home [VIg for
pediatric patients respectively.

Therefore, BIA home IVIg=[(adult cost of hospital-IVIg—adult cost of home-IVIg) x (number of PID-
patients) x (% of adult-patients) x (% of [VIg-patients) x (% patient switching)]+[(child cost of
hospital-IVIg—child cost home IVIg) x (number of PID-patients) x (% of child-patients) x (% of [VIg-
patients) x (% patient switching)].
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Table 18: Results of second dimension BIA — Switch from hospital IVIg to SClg

Low-Bound Base-Case Upper-Bound

Parameter Parameter Parameter
Number of patients 6,400 13,000 25,600
Patients on [VIg 7,800 9,100 12,350
Adults 5,200 7,800 10,400
Children 2,600 5,200 7,800
Patients switching 6,500 9,750 11,700
Cost difference in children C$1,827,947.52 C$3,713,018.40 C$7,311,790.00
Cost difference in adults C$2,741,921.28 C$5,569,527.60 C$10,967,685.00
Budget impact per year C$4,569,868.80 C$9,282,546.00 C18,279,475.00

IVIg = intravenous immunoglobulin.

The results of the second dimension, listed in Table 18, show that the Canadian health care system
would save C$9 million a year if 75% of PID patients switch from hospital-based IVIg to SCIg. This
translates to an average saving of approximately C$700 per patient, assuming a PID prevalence rate
of 0.0004. The health care system would save more (approximately C$13 million or C$1,000 saving
per patient) if 75% of patients switch from hospital-based IVIg to home-based [VIg (Table 19).

Table 19: Results of budget impact of switching from hospital 1VIg to home 1VIg

Low-Bound Base-Case Upper-Bound
Parameter Parameter Parameter
Number of patients 6,400 13,000 25,600
Patients on IVIg 7,800 9,100 12,350
Adults 5,200 7,800 10,400
Children 2,600 5,200 7,800
Patients switching 6,500 9,750 11,700
Cost difference in children C$2,531,571 C$5,142,255 C$10,126,287
Cost difference in adults C$3,800,583 C$7,719,935 C$15,202,333
Budget impact per year C$6,332,155 C$12,862,190 C$25,328,620

IVIg = intravenous immunoglobulin.

7 CLINICAL CONDITIONS OTHER THAN PID

The first IV preparation of Ig (Gamimune, Bayer, Toronto) was approved for use in Canada for
replacement therapy in PID in 1982. Over the past decade, the use of IVIg has expanded to include
neuroimmunologic, infectious, dermatologic, hematologic, autoimmune, inflammatory and idiopathic
disorders. In Canada, IVIg products are approved for use in six indications: PID, idiopathic
thrombocytopenic purpura, bone marrow transplant, pediatric human immunodeficiency virus
infection, hypogammaglobulinemia disorders (e.g., severe protein enteropathy, aftermath of major
surgery, burns, malignancies, diseases of the hematopoietic and lymphoreticular systems, aftermath
of radiation and cytostatic therapies), and B-cell chronic lymphocytic leukemia.” In addition, IVIg
has been prescribed for >80 other uses in Canada,® primarily by hematologists and neurologists. The
six approved uses of [VIg account for approximately 47% and 62% of total [VIg use in Canadian
adults and children respectively. This implies that the off-label use of IVIg may be as high as 53%
(adults) and 38% (children).® Despite the use being off label for some indications, there is clinical
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evidence of benefit for some. As a result, the following categorization of indications by current level
of evidence is based on the results of our literature search, a recent review,>* and a Canadian
multidisciplinary consensus review on the use of IVIg.” A more comprehensive list of conditions
considered to be potentially appropriate for [VIg therapy appears in Appendix 8.

7.1 Health Canada-Approved Indications Other Than PID

Idiopathic thrombocytopenic purpura (ITP): In childhood chronic ITP, consensus guidelines
recommend [VIg use as initial treatment if there is evidence of severe bleeding or a platelet count
<30,000/mm.*> In adult ITP, consensus opinion suggests IVIg as initial treatment only in patients
with severe life-threatening bleeding and a platelet count of <50,000/mm.***

Bone marrow transplant: 1V1g is used with allogenic bone marrow transplant as early prophylaxis
against cytomegalovirus infection and graft-versus-host disease, and as prevention against infection
by encapsulated bacteria.'*>* IVIg has not been found to be beneficial in autologous bone marrow
transplant recipients.’’

Pediatric human immunodeficiency virus (HIV) infection: IVIg has been shown to decrease the
incidence of infections and hospital admissions of pediatric patients with HIV infections in controlled
trials.®*®! In practice, many clinicians will use IVIg in pediatric HIV patients only if they have
hypogammaglobulinemia or if they suffer from recurrent or severe encapsulated bacterial infections,
even after prophylaxis with trimethoprim-sulfamethoxazole.’

Disorders with hypogammaglobulinemia: Consensus opinion recommends the use of I[VIg in
disorders with hypogammaglobulinemia (IgG <400 mg/dL).>®

B-cell chronic lymphocytic leukemia (CLL): CLL of B-cell origin often results in impaired
immunity with hypogammaglobulinemia. I[VIg therapy has been shown to reduce bacterial infections
in several controlled trials.****® Some experts have noted the lack of survival benefit and issues of
cost-effectiveness for this indication.'

7.2 Indications with Evidence for Use as First-line Therapy

Chronic inflammatory demyelinating polyneuropathy (CIDP): 1VIg has been shown to be a useful
first-line therapy for CIDP, a disorder for which steroids have been considered to be the gold
standard.®”*° Even though there is concern that the cost-benefit ratio relative to steroids maybe high
with IVIg for CIDP, this ratio is likely to be lower once the long-term AEs of corticosteroids are
considered.”

Multifocal motor neuropathy (MMN): 1VIg has been shown to be effective in reducing disability,
and improving muscle strength in patients with MMN in the short term.”' "

Dermatomyositis: IVIg has been found to be superior to placebo in improving muscle strength,
reducing neuromuscular symptoms, and improving immunopathologic parameters in patients with
dermatomyositis.”
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IgM paraproteinemic demyelinating neuropathy (PDN): Despite data suggesting that [VIg
decreases overall disability in patients with PDN, some experts recommend that [VIg should not be
continued if acute benefit is not seen.”®”’

Stiff-person syndrome: High-dose [VIg is used as first-line therapy for Stiff-person syndrome,
because there is no other adequate treatment.”

Desensitization of HLA-allosensitized patients awaiting renal allograft transplant: There is
evidence showing [VIg is more efficient than placebo in lowering the level of anti- HLA antibodies,
and therefore increasing the rates of transplantation in these patients.”

Fetal or neonatal alloimmune hemolysis (erythroblastosis fetalis): There is RCT evidence that
fewer newborns treated with IVIg plus phototherapy required plasma exchange than those treated
with phototherapy alone.**®!

7.3 Indications With Evidence for Use as Second-line
Therapy or Only in Subgroups of Patients

Mpyasthenia gravis: Because of the inconsistency of evidence of IVIg efficacy for myasthenia
gravis,*>* some experts recommend that IVIg should be reserved for myasthenic crises that are
unresponsive to other agents.

Lambert-Eaton myasthenic syndrome: 1V1g is recommended as an adjuvant therapy for Lambert-
Eaton myasthenic syndrome, because even though the one RCT reported the superiority of IVIg over
placebo, the effect was short lived.™

Inclusion body myositis: Limited evidence suggests modest improvements in strength compared
with placebo. It may be useful to consider a short trial of IVIg in patients with inclusion body
myositis and severe dysphagia.®’

Other conditions: Uncontrolled studies and small series findings suggest that IVIg may be effective
at times in other conditions as a second-line or alternative treatment when traditional agents fail.
These conditions include autoimmune hemolytic anemia, immune-mediated neutropenia, systemic
lupus erythromatosus, rheumatoid arthritis, juvenile rheumatoid arthritis, bullous pemphigoid,
pemphigus vulgaris, pemphigus foliaceus, epidermolysis bullosa acquisita, acute myocarditis,
polymyositis, adult-onset Still’s disease, vasculitis, and Grave’s ophthalmopathy.'->*86-58

7.4 Indications With Evidence for Use as First- or Second-
line Therapy Where Its Role Remains Controversial
Multiple sclerosis: The role of IVIg in multiple sclerosis is controversial. Several RCTs reported

conflicting results on the efficacy of IVIg for this disorder,*° suggesting that IVIg should be
considered only when patients are intolerant to approved primary treatments.
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7.5 Indications With Evidence from Uncontrolled Trials
Parvovirus B19 infection: Case reports and small case series’*'" report a significant improvement
in anemia and symptoms of patients infected with parvovirus B19. Because no other specific
treatment is available, IVIg has become the standard of care for parvovirus B19-related persistent
anemia in immunosuppressed patients.'"’

Fetomaternal or neonatal alloimmune thrombocytopenia: Because of a case series report promising
improvements in fetal platelet counts and intracranial hemorrhage in almost all [VIg-treated
mothers,'"'” some experts suggest IVIg treatment of the mother as the standard of care for this
disorder.'®

7.6 Indications Without Reliable Evidence

IVIg therapy has been used in other conditions without reliable supporting evidence,'>*7>-#6:5%.103

These conditions include: neurologic (e.g., childhood epilepsy, Alzheimer’s disease, Rasmussen
encephalitis, autism), infectious (e.g., sepsis, pediatric head trauma, recurrent otitis media),
rheumatologic (e.g., primary Sjogren’s syndrome, Behcet’s syndrome), hematologic (e.g., hemolytic
transfusion reaction, non-immune thrombocytopenia), dermatologic (e.g., atopic dermatitis,
psoriasis), inflammatory (e.g., asthma, inflammatory bowel disease), and other disorders.

8 DISCUSSION

8.1 Clinical Review

Our systematic review of the literature revealed that there are insufficient data available that compare
the clinical effectiveness of [VIg and SCIg therapies. There were nine studies with comparative data,
and only one of these was an RCT. The assessment of the included clinical studies resulted in only
one study being assessed as high quality, with the others ranging from good (i.e., some uncertainty
regarding the study findings) to poor quality (i.e., unacceptable uncertainty regarding findings). In
light of these findings, it is evident that high-quality, well designed studies are needed; that is, with
randomization, larger patient populations, better patient selection (e.g., to compare SClg and IVIg
when both are used at home), and reporting of outcomes as primary or secondary.

We also found that the available data are inconclusive. Clinical findings were inconsistent in terms of
the reporting of primary outcomes, such as numbers and severity of infections and of secondary
outcomes such as length of infections and AEs. We found reports in which serum Ig levels are higher
with SCIg than with IVIg. However, this may be a factor of the timing of the sample, rather than
reflective of average serum Ig levels. Serum levels are generally measured at trough concentration,

so one must consider that the IVIg infusion is administered every four weeks; whereas SCIg is given
every week, and the timing of the sample relative to dosing may influence the result. There are data
to support that the health-related QoL of patients receiving home-based SCIg therapy is greater than
for those on hospital-based [VIg therapy.

We found that even though Ig use is licensed for six indications in Canada, it has been prescribed for
dozens of other off-label conditions, ranging from neurologic, infectious, dermatologic, hematologic,
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and inflammatory to idiopathic disorders. The role of Ig in most of these conditions remains unclear,
and its widespread use is not yet supported by evidence from high-quality controlled trials.

Overall, the results of our review lead to two clinical implications. First, because of insufficient data,
caution should be exercised when considering a blanket replacement of IVIg with SClIg. It may be
reasonable, however, to consider SCIg as an alternative to [VIg for patients who are unable to use
IVIg (e.g., in those with difficult IV access or who experience systemic AEs after using the IV
product). Patients who prefer home-based treatment would also be good candidates for SCIg.
Second, given that Ig therapy is expensive and not without risk, its widespread off-label use in
Canada should be subjected to greater scrutiny.

In summary, the clinical review has strengths and limitations. Strengths include the development of
research questions and predefined methods in a protocol, execution of a systematic review, and analysis
of the relative clinical effectiveness of SClg and IVIg independent of any vested interest. All included
studies compared the use of SClg and I'VIg directly. As a result, the difference in outcome findings
reflects the difference in efficacy between the two treatment modalities. The limitations of the review
include insufficient available data and the poor reporting quality of the included studies. Nevertheless, a
lot of confidence can be placed in the findings because the report accurately and comprehensively
depicts the state of evidence on the comparative clinical effectiveness of SCIg and [VIg.

8.2 Economic Analysis

Results of the cost-minimization studies comparing SClg and IVIg, reviewed in the first part of our
economic analysis, indicate that self-administered SCIg is cost effective when compared to hospital-
based IVIg. The results of our CMA indicate likewise. In our analysis, the cost differences resulted
from differences between the sums of transportation costs, hospital charges, and treatment or
diagnostic charges for hospital-based IVIg and infusion pumps, infusion materials, and monitoring
for SClg. As a result, we found the cost difference between treatments to be small, because the costs
due to the materials required for SCIg infusion offset most of the gains from the avoidance of
hospital and treatment or diagnostic charges. As a result, home-based [VIg shows a net gain from the
avoidance of hospital charges.

When differences in effectiveness (i.e., numbers and severity of infections and SAEs) were
considered, minimal differences among respective QALYs were found. Compared to hospital based
IVIg, SCIg dominates (greater expected benefits at less expected costs). In comparison to home-
based IVIg, SClg appears to be the most cost-effective intervention, with an ICER of
C$39,500/QALY. This would be deemed to be cost-effective if such a decision was based on a
willingness-to-pay threshold of C$50,000/QALY.

As the sensitivity analysis showed, a change in the utility of infection rather than a reduction in IVIg
price is the driving factor of cost-effectiveness. The results of threshold analysis showed that a 7%
increase in the per gram price of SClg results in SCIg being non-cost-effective, based on a
willingness-to-pay threshold of C$50,000/QALY. A similar effect was observed from an increase of
disutility of number and severity of infections from 0.46 to 0.32.

The results of the BIA show that the health care system could save more by switching from hospital
IVIg to home-based [VIg (C$6 million to C$25 million yearly) than switching to SCIg (C$5 million
to C$18 million yearly). Furthermore, the health care system would incur less cost to switch patients
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from hospital-based [VIg to home-based [VIg (C$55 million to C$150 million) than it would to
switch to SClg (C$60 million to $160 million). In the calculations of BIA, we explicitly assumed
zero carry-on costs by switching patients (e.g., patients start a switch with zero cost).

Decision makers should interpret the results of these analyses with caution, because they are limited
by three factors. Little is known about the use of health care resources due to SCIg therapy, because
it is new to the Canadian health care system. For example, SCIg can be administered by scalp-vein
needle and syringe directly. This technique obviates the need for expensive infusion pumps and kits,
and reduces time lost because of treatment. This was not studied in our model. In addition, the
administration of smaller volumes at fewer sites may reduce the overall numbers of SAEs associated
with SCIg. Our calculations of CUA and CMA would differ had we identified a scientific study on
this technique.

Assumptions that were used because of a lack of empirical information could also lead to different
conclusions regarding optimal therapy. For example, training costs were not counted, but would be
expected to have a minimal impact on the overall results. Additionally, subgroups of individuals who
are farther from a treatment centre or who need a second person for transportation would be expected
to have different associated costs.

Although the CMA and the BIA show home IVIg as the least expensive Ig route, more investigation
on home IVIg is needed. This study assumes that patients are of equal risk levels and can receive Ig
by either route. Some patients, however, may be unsuitable for home-based IVIg. Also, our
calculations in the CMA underestimate the costs of home-based [VIg, because we did not take into
account the initial investment including training costs needed to switch hospital-based to home-based
IVIg. Such uncertainties call for more information from research of home-based I'VIg.

The validity of the CUA results is compromised by the use of uncertain estimates of comparative
clinical effectiveness and a lack of key estimates for construction of a full economic model. Most
probability estimates of the paths applied to the cost-utility model were derived through consultation
with an expert; whereas some were adopted from clinical studies that compared IVIg with no
treatment. In addition, the absence of mortality estimates for each treatment required Ig mortality
rates to be applied uniformly to each treatment arm. This may have contributed to the observed small
differences in effectiveness between the treatments.

Although PID disorder is common in Canada, the prevalence rate and patients’ characteristics are
unknown, necessitating the application of many assumptions in estimating budget impact. For
example, based on data from the US, in the base case we assumed that 75% of PID patients on IVIg
are willing to switch to home-based IVIg or SCIg. A willingness to switch, however, may not reflect
the suitability of a patient to switch. We performed a sensitivity analysis on conversion rates to tackle
this problem.

Despite the limitations, the outcomes of the two analyses provide useful information for decision
makers. First, the cost-effectiveness position of home-based IVIg needs further investigation. Home
IVIg is a potentially cost saving Ig route, as it yields the larger net gain from an avoidance of hospital
and treatment or diagnostic charges. Further investigation on the PID prevalence rate, the population
of patients who are suitable for home-based IVIg, and the magnitude of the initial investment
necessary to switch to home-based IVIg is required to determine its cost-effectiveness position.
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Second, compared to hospital-based [VIg, SClg is the more cost-saving Ig route. The yearly cost
difference between the two is <C$1,400/patient from the public payer’s perspective and about
C$2,000/patient from a societal perspective. Information on the key factors, however, is lacking.
Little is known about SCIg, especially the Canadian prices for infusion pumps and kits. Also, SCIg
administration methods that use fewer health care resources (i.e., scalp-vein needle and syringe) have
not been scientifically studied. Moreover, the cost implication of a patient’s suitability to switch to
SCIg needs to be investigated.

Third, compared to hospital-based IVIg, SClg dominates (greater expected benefits at less expected
costs). In comparison to home based [VIg, SClg appears to be the most cost-effective intervention,
with an ICER of C$39,500/QALY. This is deemed to be cost-effective if the willingness-to-pay
threshold is C$50,000/QALY.

9 CONCLUSIONS

The comparison between [VIg and SCIg is based on limited clinical evidence. It is reasonable,
however, to consider SCIg as an alternative to IVIg in patients with contra-indications to IVIg and
poor venous access. The overall use of Ig in Canada requires stricter controls, because it is used in
more than 80 off-label indications, many based on limited evidence of efficacy.

Under the assumption that SCIg, hospital IVIg, and homelVIg are equally effective, hypothetical
home IVIg is a potentially cost saving Ig route, because it yields the larger net gain from the
avoidance of hospital and treatment or diagnostic charges. Further investigation on the PID
prevalence rate, patients suitable for home-based [VIg, and most importantly, the magnitude of initial
investment needed to switch to home-based IVIg is required to determine its cost-effectiveness
position.

When differences in effectiveness (severe adverse events, number, and severity of infection) are
considered, the economic arguments for SClg are appealing. Compared with hospital-based IVIg,
SClg dominates (greater expected benefits at less expected costs). In comparison with home-based
IVIg, it is potentially cost-effective, depending on the willingness to pay for a QALY. There is
uncertainty about the cost and comparative clinical effectiveness of SCIg. The cost-effectiveness of
SClg is likely to change because of the availability of a Canadian price for infusion pumps and Kkits,
information about a less expensive method of administering SClg, reliable comparative estimates of
mortality rates among interventions, and reliable comparative utility estimates for infections. Until
reliable comparative clinical and cost-effectiveness conclusions can be drawn, an option for
Canadian decision makers may be to gradually establish SCIg as an alternative for patients who are
willing and clinically suitable to switch to SCIg.
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