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Abstract

Background: Economic evaluation of subcutaneous immunoglobulin therapy (SCIG) is important, and it has recently been used for
treatment of patients with primary immunodeficiency (PID) diseases, and can improve allocation of resources in health care systems.
The present research aimed at providing an economic assessment of SCIG and IVIG (intravenous immunoglobulin therapy) admin-
istration in Iran.

Methods: Data related to clinical effectiveness were obtained from a meta-analysis. Economic analysis was performed taking into
account the perspective of health care providers. Incremental cost-effectiveness ratio (ICER) was applied for economic evaluation of
the 2 methods, and GDP per capita was considered as a threshold.

Results: The results of meta-analysis suggested a higher effectiveness of SCIG compared to IVIG in serum immunoglobulin (Ig)
levels (SMD= 0.336) and adverse effects (OR= 0.497), while the cost of IVIG was higher than SCIG ($1370 vs. $121). The ICER
obtained in this paper ($2939 for adverse effects and $4348 for serum Ig level) was less than the GDP per capita in Iran ($4,916.10),
and thus SCIG is a more cost-effective therapy for PID patients.

Conclusion: Switching from IVIG to SCIG is cost-effective for PID patients and is approved by the health care providers’ points of

view in this study.
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Introduction

Primary immunodeficiency diseases (PIDs) are caused
by defects of the immune system. As a result, the body
cannot protect itself against bacterial, viral, or fungal in-
fections (1, 2). Based on statistics, 25 in 1 million people
have PID (3). In Iran, there are 1661 recorded cases of
PID in children medical centers. Nevertheless, 70% to
90% of these PID patients are unidentified, as they may
die before the disease is diagnosed (4).

Immunoglobulin replacement is an important therapy
for a variety of conditions in the fields of dermatology,
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neurology, hematology, and immunology (5). For most of
PID patients, it is the only life-saving therapy, and treat-
ment is life-long. Since the vast majority of these patients
have primary antibody failure, successful treatment de-
pends on multiple factors, such as availability of products,
type of immunodeficiency, and any comorbidities of the
patient. Essential components include long-term follow-
up, regular monitoring, and a close relationship between
the patient and the multidisciplinary clinical immunology
team (6).

tWhat is “already known” in this topic:

Economic evaluation of subcutaneous immunoglobulin therapy
(SCIG) and IVIG (intravenous immunoglobulin therapy) were
conducted by researchers to treat patients with primary immu-
nodeficiency (PID) in Iran; and the results revealed that SCIG
is a more cost-effective therapy for PID patients.

— What this article adds:
The present research provided a cost- effectiveness analysis of

SCIG and IVIG administration in Iran; and the results revealed
that switching from IVIG to SCIG is cost-effective for PID
patients and is approved by the health care providers’ points of
view in this study.
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IVIG products are currently available in different con-
centrations and compositions and can deliver up to 2 g/kg
or more per infusion, with few adverse effects. [IVIG prep-
arations have improved over the years and have evolved
from immune serum globulin, which is injected intramus-
cularly or subcutaneously at relatively low doses (100-150
mg/kg per month) (7). Most PID patients do not experi-
ence serious adverse effects from immunoglobulins. Some
patients experience such symptoms as headache, dizzi-
ness, fever, chills, nausea, vomiting, or pain in the mus-
cles or the back. More serious adverse effects are very rare
(8) and are less frequent in patients treated with SCIG
than IVIG. Subcutaneous infusion can sometimes cause
swelling and pain in the injection site (9).

Several studies in different countries compared these 2
methods with respect to costing and found different re-
sults, which may reflect the characteristics of different
health care systems. However, most of studies concluded
that SCIG delivery is less costly than IVIG administration.
An economic evaluation study in Canada indicated less
cost differences between these 2 methods (10), while an-
other study from Canadian health care perspective re-
vealed that using SCIG method decreases 78% of costs
compared with IVIG method (11). Moreover, studies from
Germany and the United States revealed that moving from
IVIG to SCIG administration will decrease 50% and 88%
of costs, respectively (12, 13). In addition, studies in Swe-
den, Japan, and France showed less costs in SCIG than
IVIG method (14-16). This study aimed at determining the
cost-effectiveness of SCIG delivery at home compared
with IVIG administration at hospital for PI patients from
the perspective of the Iranian health care system.

Methods

This research provided a cost-effectiveness analysis of
IVIG and SCIG, with an emphasis on changes in serum
immunoglobulin (Ig) levels and adverse effects following
therapy. The epidemiological model included PID pa-
tients, who received IVIG at Children’s Medical Center of
Tehran during 2014 and 2015, and costing was done from
the perspective of the health care providers. Effectiveness
of interventions was measured based on the results of a
systematic review and meta-analysis of 24 primary studies
(randomized control trials and cohort studies). IVIG costs
were determined through field studies, and cost items
were identified based on IVIG treatment protocol and
hospital bills. While SCIG method has not yet been ad-
ministered in Iran, we used previous studies to find the
cost items of SCIG administration (11, 15). In this re-
search, IVIG was compared to rapid push SCIG. Rapid
push SCIG is a more common technique than pump infu-
sion, and the patient can administer it directly with a sy-
ringe (17). To calculate the costs in one-year time horizon,
we used average number of therapy sessions (12-16 ses-
sions per year/4-6 hours per session for IVIG therapy and
48-64 sessions per year/1-2 hours per session for SCIG
therapy). Finally, the total direct medical costs (cost of
hospital, personnel, and medical supplies) were calculated
for each method. Moreover, due to similar level of Ig dos-
es in both therapies (the difference is in the number of
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injections), the costs of Ig products were not considered.

Discounting

In this study, costs were converted from Iranian Rial to
US dollar’s value in 2015 (1 Rial = 0.000033 US Dollar),
and due to the one-year time horizon, discount rate was
not taken into account in calculations.

Statistical analysis

Meta-analysis with random effects and the Mantel-
Haenszel method were performed using STATA 12.0 to
combine the results of the systematic review (1991 to
March 16, 2015) of the studies that examined adverse ef-
fects and serum Ig level in IVIG and SCIG. Odds ratio
(OR) for dichotomous variable (adverse effects) was ex-
tracted from the studies and calculated with 95% confi-
dence interval. Random effect model was used for data
related to serum Ig levels, and mean differences were used
for measurement.

For economic modeling, the interventions were defined
based on standards and a decision tree, which was devel-
oped using TreeAge 2011, was used to determine direct
medical costs with a one-year time horizon (first year of
treatment). Parameters with the greatest effect on costs,
such as the number of injections and cost of hospital, per-
sonnel and medical supplies were examined using sensi-
tivity analysis. Finally, incremental cost-effectiveness
ratio (ICER) from each effectiveness index was used for
cost-effectiveness analysis. Due to lack of a threshold in
Iran, GDP per capita was used as the upper bound.

Results

Standard IVIG therapy usually involves 1 infusion per
month and the maintenance dose for PID patients is usual-
ly 400 to 600 mg/kg, which is administered every 3 or 4
weeks (18). In other words, patients are admitted to the
hospital as outpatients every 21 to 28 days and receive the
required dose within 4 to 6 hours (15). Subcutaneous infu-
sion takes 1 to 2 hours, but the frequency of infusions is at
least once a week. The patient or his/her parents can use
this method of infusion; however, only trained individuals
can administer this method (19).

Effectiveness

After searching related medical databases based on in-
clusion/exclusion criteria, 24 randomized control trials
and cohort studies were systematically reviewed. A total
of 945 patients were examined in this study (Serum Ig
levels in 446 patients, infections and antibiotic use in 376
patients, and adverse effects in 431). The calculated OR
indicated the advantage of IVIG over SCIG due to fewer
adverse effects (OR= 0.497; 95% CI. 0.180-171;
p<0.001). The results of the meta-analysis clearly revealed
that SCIG (whether rapid push or pump) has more adverse
effects than IVIG. Due to the heterogeneity of the studies
(I-squared= 87.3%), we used random model for meta-
analysis. However, the infusion-site reactions in SCIG are
moderate and tolerable. On the other hand, systemic ad-
verse effects, such as headache, fever, and anaphylactic
reactions, can occur in IVIG, which can be reduced by
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switching to SCIG. This can also improve tolerability in
patients who have previously experienced systemic reac-
tions to IVIG. Data related to switching to SCIG and
changes in serum Ig levels were combined using meta-
analysis, and the final results were expressed as standard
mean difference (SMD). The obtained SMD was 0.336,
indicating the higher effectiveness of SCIG in increasing
serum Ig levels (20).

Economic evaluation

SCIG is an infusion technique that divides the monthly
dose of IVIG into 4 weekly doses, while maintaining the
same required Ig level. Patients are trained before begin-
ning self-administration and are monitored weekly by
local staff (21). Four to 6 training sessions are required for
home-based administration of SCIG by the patient or their
families, and they should be supported and offered regular
medical and nursing follow- up care for continuous moni-
toring, advice, and clinical assessment (10). PID patients,
who switch from IVIG to SCIG, need medical care only
during the first 6 months, and a nurse is required to train
the patients on SCIG method (6 hours during the first
year, and yearly follow-up of 6 hours per year). SCIG
treatment involves 3 training sessions and 4 weekly infu-
sions using an infusion set (48 infusions per year) .IVIG

Table 1. Patients’ data

H. shabaninejad, et al.

treatment requires a nurse, a unit clerk, a scheduling clerk,
and a ward aid (22). Patients’ general characteristics are
displayed in Table 1.

Due to lack of data on SCIG in Iran, a decision tree was
developed for this intervention using secondary data (Fig.
1).

The assumptions are summarized as follow:

e Scheduling meetings varies based on the desired pro-
tocol, but generally 1 session every 3 or 4 weeks for life
(IVIG) is enough.

e Cost of equipment and supplies in the treatment of
venous include inpatient beds in hospital.

e Mean number of visits are 15 sessions per year for
IVIG/48 sessions for SCIG.

e Training session: 4 to 6 sessions in the whole treat-
ment period

e Follow- up: 2 sessions per year

e Intangible costs, such as costs incurred by the patient
and the family stress, discomfort, and pain inflicted on
the patient or the costs incurred, were not calculated.

e Cost perspective: Health service provider

e Discount rate: Given that the time considered was 1
year, in this study, discount rate was not taken into ac-
count.

General characteristics (n) IVIG SCIG
Population’ 738 652
SIgL? (efficacy), SE* (safety)

Mean SIgL* (g/1) 8.54 9.59
Median SIgL (g/1) 8.18 8.77
Costs (per year) ($)

Mean hospital 943 -
Mean personnel 576 62
Mean materials and medical supplies 73 68
Total mean direct costs 1592 131

/ Primary immunodeficiency; age>12; 308 patients from total 945 patients joined in efficacy and safety analysis

2 Serum Ig levels
3 Side effects

4 Medium/median range values obtained with SCIG and IVIG; IVIG: intravenous immunoglobulin; SCIG: subcutaneous immunoglobulin

Hospital-base IVIG

Administration at hospital

High adverse effects
Advers effects

<
< Low adverse effects
q e
Number of infusions Ig level

Patient with primary
antibody deficiencies

Immunoglobulin
replacement therapy

lome-base SCIG

Administration at home

15 sessions
Decrease
Infection
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High adverse effects
Advers effects

<[ =
< Low adverse effects
([
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48 sessions.
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\Infection i d
~ \_Increase
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Fig. 1. Decision tree for comparing IVIG and SCIG in PID patients
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Table 2. Baseline case yearly costs

Items (Unit cost $) IVIG/ ($) SCIG? ($)
Immunoglobulin - -
Hospital 808.6 -
Personnel 499.35 62.21
Materials and medical supplies 62.17 58.6
Cost of a unit treatment services 152.50 63.43
Total yearly costs 1370 121

/Intravenous immunoglobulin infusions
2 Subcutaneous immunoglobulin infusions

Table 3. Parameters for sensitivity analysis

Items

Base case parameters ($)

Sensitivity analysis range ($)

IVIG SCIG
Immunoglobulin - -
Period* 1370 121
Hospital 809 -
Personnel 500 62
Materials and Medical Supplies 62 59

IVIG SCIG
1370-1812 121-140
809-1078 -

500-652 62

62-83 59-78

/ Session of treatment, ranging from 12 to 16 sessions for IVIG/48 to 64 sessions for SCIG

Table 4. Parameters for sensitivity analysis (yearly costs)

Items Scenario A’ Scenario B? Scenario C* Scenario D*

IVIG 1592 1534 1497 1584
Mean Cost®

SCIG 131 131 124

Scenario A: Fixed hospital, personnel, and medical supply costs

2 Scenario B: 10% reduction in personnel costs

3 Scenario C: 10% reduction in hospital costs

4 Scenario D: 10% reduction in the cost of medical supplies

S Mean Cost: 12 to 16 sessions of IVIG therapy/48 to 64 sessions of SCIG therapy

Cost-effectiveness analysis Sensitivity analysis

As shown in the cost calculation in Table 2, the unit
cost of IVIG treatment (with an average time of 4-6
hours per session) was estimated to be $152.5. Given
the duration of treatment required to achieve effective-
ness indicators (12 sessions with monthly intervals),
the total cost for the first year of treatment was $1370.
The unit cost of the alternative intervention (SCIG) was
estimated to be $63.43. Given the duration of treatment
required to achieve effectiveness indicators (48 ses-
sions with weekly intervals), total costs for the first
year of treatment was $121. Moreover, cost of each
therapy method was different based on the frequency of
infusion sessions and duration of infusion.

1000 500 0 500 1000

The results of sensitivity analysis in Tables 3 and 4 in-
dicated that changes in the number of infusion sessions
affected the yearly cost of treatment, while changes in
cost items (fixed hospital, personnel, and medical sup-
ply) had little effect on the final treatment cost.
Reduction in the cost of hospital had the greatest effect
on the total costs than other cost items. Their relative
importance is presented on a tornado diagram (Fig. 2).

Incremental cost-effectiveness ratio (ICER)

The results of meta-analysis were used to calculate
ICER for adverse effects and immunoglobulin (Ig) lev-
els. The standard mean difference was 0.366 and the
odds ratio (OR) was 0.497. The ICER for adverse ef-

usCIG mivIG

Period

Hospita

Personnel

Materials

1500

Fig. 2. Tornado diagram showing the relative of material, personnel, hospital and infusion period on total costs (Total cost difference SCIG-
IVIG(S per year).
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Table 5. Parameters for sensitivity analysis and cost- effectiveness analysis (yearly costs)

Ttems Scenario A’ Scenario B? Scenario C? Scenario D*
Mean Cost® IVIG 1592 1497 1584
SCIG 131 131 124
ICER SIgL (SMD)° 4348 4067 4347
SE (OR)’ 2939 2750 2939

!'Scenario A: Fixed hospital, personnel, and medical supply costs

2 Scenario B: 10% reduction in personnel costs

3 Scenario C: 10% reduction in hospital costs

4 Scenario D: 10% reduction in the cost of medical supplies

S Mean Cost: 12 to 16 sessions of IVIG therapy/48 to 64 sessions of SCIG therapy
¢ Standard mean difference (for efficacy index): 0.336

7.0dd ratio (for safety index): 0.497

fects and serum Ig level can be calculated as follows.
The results for mean cost are presented in Table 5.

The ICER indicates that on average, 1% increase in Ig
level reduces costs by $4348. In other words, using the
new intervention (SCIG) can increase serum Ig level,
while reducing costs by $4348. Moreover, 1% reduc-
tion in adverse effects reduces costs by $2939, meaning
that using the new intervention can reduce systemic
adverse effects, while reducing costs by $2939.

Comparing ICER for serum Ig level and adverse effects
with GDP per capita

Iran’s GDP was $4,916.10 in the year of the study (23).
Since the ICERs calculated for effectiveness indicators
($2939 for adverse effects and $4348 for Ig level) were
lower than Iran’s GDP per capita, it could be concluded
that the new intervention is cost-effective. The results
of sensitivity analysis also support these findings. Due
to the limited number of studies in this area, no defini-
tive conclusion can be drawn about the higher effec-
tiveness of SCIG, and there is a need for more random-
ized clinical trials. However, greater ease and satisfac-
tion in patients who used this type of treatment can in-
dicate its advantage over IVIG for PID patients.

Discussion

The present research was the first economic assessment
of IVIG versus SCIG in Iranian PID patients. The re-
sults of the meta-analysis suggested the effectiveness
of SCIG in increasing serum Ig levels and reducing in-
fection rate. Although it was associated with more ad-
verse effects (which are mild or moderate), SCIG re-
duced systemic adverse effects. Overall, given the re-
sults of studies conducted on the safety and effective-
ness of SCIG and the results of the meta-analysis, it
can be argued that SCIG can be more effective than
IVIG administration and can lead to higher satisfaction
among the patients. The results of cost-effectiveness
analysis revealed that the total cost of IVIG and SCIG
per year was $1370 and $121, respectively. The cost
items were the costs of hospital, personnel, and medical
supplies; however, the cost of Ig dose was not taken in-
to account due to similar doses used in both methods.
In certain subgroups of patients, SCIG can be a re-
placement for IVIG with equal effectiveness and less
systemic adverse effects (24-29). The reason is proba-
bly the more frequent infusions with less volume and
slow absorption into intra- and extravascular compart-

ment (30). In fact, infusion of lesser amount of Ig in
shorter intervals reduces the frequency of systemic re-
actions (21, 31, 32) and can improve the quality of life
of the patients (33-35). Moreover, home-based SCIG
reduces the annual health care costs of the patients (11,
16, 36) and is safer and easier compared to other Ig re-
placement methods (28, 37, 38).

The results of our study are consistent with those of
previous studies in Canada, Germany, and Sweden
with decreasing 74%, 82%, and 55% of costs, respec-
tively, done considering their health care systems’ per-
spectives (11, 12, 37). An American study also re-
vealed 88% cost reduction in SCIG administration at
home compared with IVIG delivery at hospital. How-
ever, the study revealed no cost differences between
the 2 methods if both were administered at home (13).
Our results also revealed that administrating SCIG de-
creases costs in the first year treatment than IVIG de-
livery with the same dose of immunoglobulin. Previous
studies indicated similar results, including a study in
Canada, which found that because of needed equipment
in subcutaneous administration compared with hospital
costs of intravenous delivery, there was a slight cost
difference between the 2 methods. Moreover, a study in
France indicated that immunoglobulin delivery at home
is less costly in both subcutaneous and intravenous
methods (14). Furthermore, another study in France
found that SCIG delivery decrease costs slightly (25
percent) than IVIG administration (15). A Japanese
study also showed that moving from IVIG to SCIG has
pharm economics benefits by decreasing hospital visits

(16).

Limitations

Our study had some limitations. First, because of the
absence of SCIG method in Iran, we conducted eco-
nomic modeling to estimate SCIG method costs; the
cost items were extracted from previous studies, and
we calculated each item cost in Iran based on them.
Moreover, to estimate costs of SCIG method, we just
considered rapid push administration, while reflecting
costs of pump infusion can have impressive effects on
the results of the study. Finally, as mentioned in previ-
ous sections, we conducted this study from health care
providers’ perspective, and thus from this point of
view, some costs, such as patients’ travelling and indi-
rect costs, should be omitted. However, this can have
slight effects on the total cost of SCIG administration
considering the flexibility of home- based treatment.
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Conclusion

The results of this study revealed that home-based
SCIG is less expensive than hospital-based IVIG. The
calculated ICER suggests that SCIG is more cost-
effective than IVIG, as it not only reduces costs with
higher effectiveness compared with IVIG, but also re-
duces systemic adverse effects. In addition, SCIG is
necessary for patients with chronic kidney disease or
those without intravenous access. Currently, in most
cases, SCIG is used as a complementary therapy for
IVIG, as patients initially need intravenous infusion,
and after some time, they can switch to SCIG. There-
fore, it is recommended to use SCIG in special cases to
reduce systemic adverse effects and infections and in-
crease the quality of life of the patients.
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