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Aim: Identify and describe published literature on the use of subcutaneous immunoglobulin (SCIG) as
initial immunoglobulin (IG)-replacement therapy for patients with primary immunodeficiency diseases
(PID). Methods: We systematically identified and summarized literature in MEDLINE, Embase, BioSciences
Information Service and Cochrane Library assessing efficacy/effectiveness, safety/tolerability, health-
related quality-of-life (HRQoL) and dosing regimens of SCIG for IG-naive patients with PID. Results: Sixteen
studies were included. In IG-naive patients, SCIG managed/reduced infections and demonstrated similar
pharmacokinetic parameters to IG-experienced patients; adverse events were mostly minor injection-site
pain or discomfort. Three studies reported improvements in HRQoL. Quality of studies was difficult to
assess due to limited reporting. Conclusion: Although studies were lacking, available data suggest IG-
naive and IG-experienced patients initiating SCIG likely have similar outcomes.
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Primary immunodeficiency diseases (PID) are a group of rare, heterogeneous disorders composed of approximately
430 genetic conditions that impair the production or function of proteins with critical roles in the immune
system [1]. The prevalence of PID is estimated to be 1:10,000 persons overall, but may differ among varied ethnic
groups and countries [2]. Patients can develop PID any time throughout life [2,3]. Misdiagnoses are common because
the diseases generally present as routine, chronic or recurrent infections, and diagnoses can be delayed for decades [4].

Immunoglobulin (IG)-replacement therapy (IGRT) is a mainstay for patients with significantly impaired anti-
body production to establish protection against infection [2,5]. Intravenous IG (IVIG) is the standard of care for
initiation and long-term treatment of patients with PID [6,7], whereas subcutaneous IG (SCIG) is becoming a well-
recognized option that offers patients previously treated by IVIG (IG-experienced) multiple administration options
to customize their IG treatment to fit their needs [7]. Patients with PID have reported improved health-related
quality-of-life (HRQoL) with SCIG treatment, but these studies are limited by small sample sizes [8]. In routine
practice, newly diagnosed patients with PID but with no previous experience with IGRT (IG-naive) are frequently
initiated on IVIG or directly on SCIG [8,9]. Although it may be generally accepted and common practice in the
European Union to initiate patients with PID on SCIG, outcomes among IG-naive patients who are initiated on
SCIG have not been well researched. While there have been systematic reviews of the use of SCIG in patients who
are IG-experienced [10,11], a recent, comprehensive review of scientific literature that evaluates the safety, efficacy and
HRQoL associated with SCIG treatment in IG-naive patients with PID is lacking.

This systematic literature review aimed to evaluate data on the use of SCIG in patients with PID who are IG-naive
to advance the current understanding of this patient population. Data on clinical outcomes (efficacy/effectiveness
and safety/tolerability), HRQoL, SCIG-dosing regimens and patient health and treatment pathways were examined.
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Table 1. PICOS framework for systematic literature review inclusion criteria.
Criteria Included

Population • Patients with PID who are IG-naive
• Mixed populations of IG-naive and IG-experienced patients, provided results were reported separately for each
subset of patients

Intervention/comparisons • Studies that investigated any SCIG for PID treatment
• Studies that compared different SCIGs or compared a SCIG with IVIG or placebo
• Single-arm studies without comparators

Study design • Observational and interventional studies
• Systematic reviews and meta-analyses†

• Pharmacokinetic studies
• Economic evaluations and cost studies

Outcomes • Any efficacy/clinical outcome (ie, infection rates, serum and trough IG levels, pharmacokinetics)
• Any safety/tolerability outcome (ie, adverse events, discontinuations, mortality, tolerability)
• Any HRQoL outcome
• Information on SCIG-dosing regimens
• Summaries of patient health and treatment pathways

Language • All languages

Date • Conference abstracts: 2014 to 2021
• No limit on database searches except for conference abstracts

†Hand searched to identify relevant studies but not included at level 2 screening.
HRQoL: Health-related quality-of-life; IG: Immunoglobulin; IVIG: Intravenous immunoglobulin; PID: Primary immunodeficiency diseases; PICOS: Participant, intervention, com-
parison, outcome and study design; SCIG: Subcutaneous immunoglobulin.

Methods
Literature searches with no language limitations were performed on MEDLINE, Embase, BioSciences Information
Service and the Cochrane Library. Searches were first conducted on 28 April 2019 and updated on 11 August 2019
and 30 March 2021 to identify the most recent literature to supplement the initial search. Date limitations were not
applied in the electronic database searches, except for conference abstracts, which were limited to abstracts published
from 2014 to 2021. Searches with no language limitation were also conducted on trial registries, reference lists of
any identified systematic literature reviews and meta-analyses published between 2014 and 2021, and websites of
professional organizations to identify any articles that may not have been indexed in the electronic databases. Key
health technology assessment and regulatory websites were also searched for information published between 2014
and 2019. The inclusion criteria, specified in terms of the participants, interventions, comparisons, outcomes and
study design (PICOS) framework, are shown in Table 1. The full electronic search strategies for all databases used
in this review are shown in Supplementary Table 1.

English-language articles or conference abstracts were screened and selected for inclusion in two levels against the
predefined inclusion criteria (Figure 1). In the first level of screening, two researchers independently reviewed titles
and abstracts of studies that were identified. In the second level of screening, full texts of studies included during
level 1 were obtained and screened by two independent researchers to determine eligibility. Any discrepancies found
were resolved by consensus between the two independent researchers. Data regarding study inclusion criteria and
characteristics, patient demographics, treatment history, interventions and study end points were extracted using a
priori standardized templates by one researcher from full-text publications, where available. All extracted data were
verified against the source by a second researcher who was not involved in the extraction. Synthesis of data was not
conducted for this review due to the lack of standardized definitions and inconsistent reporting of outcomes.

Quality assessments were performed for nonrandomized controlled trials evidence using Critical Appraisal Skills
Programme (CASP) checklists (no randomized controlled trials were identified for inclusion in the review). The
search protocol was designed based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement [12]. A completed PRISMA checklist is provided in Supplementary Table 2. This review
was not registered; the full protocol for the review is available on request.

Results
Screening results
Overall, 4010 articles were retrieved from the systematic database searches, internet searches and hand searches.
After deduplication, 2533 articles remained for manual screening, of which 364 underwent full-text review. Of
these, 16 studies met the inclusion criteria for this systematic review [13–28]. Figure 1 shows the PRISMA diagram
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Figure 1. PRISMA diagram.

describing the screening process of this review, showing the records excluded at each level of screening, and reason
for exclusion.

Study characteristics
No randomized controlled trials were identified for inclusion. Of the 16 studies included (Table 2), 14 were
retrospective cohort studies [13,14,16–27], and one was a cross-sectional study [28]. Five studies included only patients
who were IG-naive [15,17,22,23,25] and 11 studies included a mixed population of patients but reported results
separately for those who were IG-naive [13,14,16,18–21,24,26–28]. Seven of these studies reported data for both IG-naive
and IG-experienced patients [13,18–20,24,26,27].
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Systematic Review Anderson-Smits, Park, Bell, Mitchell, Hartley & Hawe

Sample sizes of included studies ranged from 14 patients [17] to 15,327 patients [23]. Two studies were multi-
national: that by Borte et al. (2011) was undertaken in Canada, Germany, Italy and Spain [15], and the study
by Gardulf et al. (1995) was performed in Sweden, Denmark and Norway [19]. The remaining 14 studies were
conducted in a single country, including six in USA [14,17,21–23,25], four in Canada [13,24,26,27] and one each in
UK [20], Denmark [28], Italy [16] and Sweden [18]. Five of the studies included adults only [13,18,26–28], two included
children only [20,24] and five included both adults and children [15,17,19,21,25]. Four studies did not specify an age
range [14,16,22,23].

Outcomes of interest
Outcomes reported in each of the included studies are summarized in Table 2.

Efficacy & effectiveness

Efficacy and effectiveness outcomes reported in the studies included immunoglobulin G (IgG) levels, infections
and antibiotic use in response to infections.

Eight studies included data on IgG levels (Table 3) [13,15,16,19,20,25–27]. The time points at which IgG levels
were measured varied between studies, as did the follow-up period for IgG levels (ranging from 25 weeks [15] to
36 months (Table 3) [19]. Overall, SCIG treatment was shown to be effective in increasing mean IgG levels in
both IG-naive and IG-experienced patients. At baseline, mean IgG levels ranged from 1.7 g/l [19] to 6.6 g/l [13] for
IG-naive patients (Table 3), and up to 8.5 g/l for IG-experienced patients [13]. At 12 months after SCIG treatment
initiation, mean IgG levels were reported by Altook et al. (2019) to have increased to 11.3 g/dL in IG-naive (n = 24)
patients, similar to that achieved in IG-experienced (n = 42) patients (11.8 g/l) [13]. Gardulf et al. (1995) reported
mean IgG levels at 12 months after SCIG treatment initiation to be 7.5 g/l in IG-naive patients older than 12 years
(n = 18) [19].

Four studies included data on infections (Table 4) [15,16,20,25]. Gaspar et al. reported that in children with
PID who received IGRT by rapid subcutaneous infusion (n = 26), no serious life-threatening infections and no
infections requiring admission to hospital were observed [20]. In a prospective cohort study, Borte et al. found that
annualized rates of infections per patient decreased from 4.73 infections per patient to 3.95 infections per patient
in 18 previously untreated patients with PID who received SCIG treatment without receiving initial IVIG [15]. In a
cohort of 102 patients, Cinetto et al. reported a significant (Wilcoxon matched-pairs signed rank test; p < 0.0001)
decrease in the infection rate in patients with PID who were IG-naive from 3.69 ± 2.81/year per patient to
0.52 ± 1.18/year per patient after SCIG [16]. In a retrospective review of 71 patients with PID, Sharma et al.
reported average annual infection rate of 0.88 in patients treated with conventional SCIG, and 0.6 for patients
treated with facilitated SCIG [25].

Six studies reported antibiotic use to treat infections [13,15,16,20,26,27]. Based on patient records, Gaspar et al. found
antibiotic requirement was reduced after starting SCIG in the IG-naive group (n = 11) and showed no noticeable
difference in the IG-experienced group (n = 15) [20]. Two further studies [15,17] reported information on infections
as safety data rather than as an efficacy outcome and are summarized in Table 5; no serious infections related to
SCIG treatment were reported.

Safety & tolerability

Safety and tolerability data were reported for five studies (Table 5) [13,15,17,20,24], with results suggesting that adverse
events (AEs) were generally mild to moderate and primarily occurred locally at the injection site among IG-naive
patients receiving SCIG. Of the 18 IG-naive patients included in the Borte et al. study, 14 (78%) experienced
AEs from SCIG treatment, most of which were mild or moderate in intensity [15]. Severe systemic infections were
reported as AEs by two patients but were considered unrelated to study treatment [15]. Overall, the most commonly
reported AEs were erythema, and swelling or pain or discomfort at the infusion site. Statistical analyses or specific
comparisons of safety data between IG-naive and IG-experienced patients were not conducted in any of the studies
reviewed.

HRQoL

Three studies reported HRQoL outcomes [14,15,18]. Borte et al. found IG-naive patients (n = 18) experienced
improved HRQoL following initiation of SCIG, with improvements observed at 6 months in selected domains
of the 36-Item Short-Form Survey (SF-36) and all domains of the Child Health Questionnaire-Parent Form 50
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Table 5. Safety outcomes reported for IG-naive patients.
Study (year), study
duration or follow-up
period

Interventions included in
study

Safety outcomes Ref.

Altook et al. (2019),
12 months

Patients had received SCIG
push for at least
12 months

AEs were all localized and of mild severity; statistical analysis was pending at time of
publication

[13]

Borte et al. (2011),
6 months

Treatment with SCIG
(Vivaglobin), without
receiving IVIG initially

� 14 (78%) patients experienced 168 AEs (including local reactions) (rate = 0.305 AEs per
infusion); most were of mild (145) or moderate (19) severity
� Two patients (11%) had four severe AEs (considered not related to study medication);
these were also classed as SAEs. These events included meningococcal infection,
Haemophilus infection, Pseudomonas bacteremia and Pseudomonas bronchitis
� Six patients (33%) reported 42 local reactions; rate = 0.076 episodes per infusion (most
frequent were erythema and infusion-site swelling)
� Nine (50%) patients had 58 AEs considered at least possibly related to Vivaglobin;
rate = 0.105 AEs per infusion; all were mild
� All local reactions were considered “at least possibly related” to the study medication;
these comprised most of the related AEs
� Only a few other of the most common AEs were considered ‘probably related’ or ‘related’:
one episode each of headache, pyrexia and nasopharyngitis
� There were no deaths during the study
� Two patients (11%) experienced seven SAEs (none were considered related to study
medication)
� None of the AEs led to the discontinuation of patients from the study
� Apart from the low lymphocyte count in one patient, there were no clinically relevant
abnormalities in the laboratory parameters
� AEs that occurred in ≥ two patients in order of frequency (high to low): headache,
pyrexia, infusion-site erythema, infusion-site swelling, nausea, infusion-site pruritis,
asthenia, vomiting, fatigue, nasopharyngitis, urticaria, arthralgia
� Rate of AEs per infusion ranged from 0.004 to 0.025 for AEs that occurred in ≥
two patients

[15]

Duff and Leiding (2017)
[Abstract only],
3–4 months

Received 20% SCIG
therapy without first
receiving a loading dose
of IVIG

� No serious bacterial infections or serious adverse reactions were noted for any patient [17]

Gaspar et al. (1998), up to
3.5 years

SCIG (Gammabulin) � All children developed painless raised lumps over the infusion site; these lasted between 2
and 24 h
� Ten patients had local erythema; no treatment was required
� Two patients found the infusions uncomfortable at the faster rate and preferred to run
the infusions at 10 ml/h

[20]

Samaan et al. (2014),
range of follow-up 7.9 to
66.3 months

Patients could choose
between IVIG or SCIG

� Safety data were not reported separately for the new and switch cohorts
� SCIG was well tolerated without any systemic reaction
� No cases of anaphylaxis occurred in either cohort

[24]

Walter et al. (2020a),
Canada, November 2007
to September 2018

Patients had received SCIG
push for at least
12 months

� Eight patients out of 62 discontinued SCIG. Reasons for discontinuation included infection
perceived by the patient to be SCIG-related (n = 1), pregnancy (n = 1), infusion pain related
to prior surgical scars at infusion site (n = 1), and fatigue perceived to be related to infusion
(n = 2). It was not reported if these patients were IG-naive or experienced

[26]

Walter et al. (2020b)
[abstract only], Canada,
duration not reported

Patients had received SCIG
push for at least
12 months

� AEs were generally local and mild, with only two out of 65 patients discontinuing SCIG
replacement secondary to side effects. It was not reported if these patients were IG-naive or
experienced

[27]

AE: Adverse event; IG: Immunoglobulin; IVIG: Intravenous immunoglobulin; SAE: Serious adverse event; SCIG: Subcutaneous immunoglobulin.

(CHQ-PF50). Anterasian et al. (2019) collected SF-36 results every 3 months as available for patients with PID
receiving IVIG or SCIG from 2014 to 2016 and showed statistically significant (two-sample t-test, p < 0.05)
improvements over baseline in all eight domains of SF-36 among patients initiating SCIG (n = 93) and in five
of eight SF-36 domains in patients who were started on IVIG (n = 11) [14]. Gardulf et al. reported that, prior to
initiating SCIG treatment, patients (n = 25) diagnosed with PID perceived restrictions in several areas of their daily
life and reported poorer functional status, as indicated by the Sickness Impact Profile (SIP) scores, than the randomly
sampled general population reference group. Significantly higher scores (p = 0.0001; implying poorer functional
status) were seen in the IG-naive group (n = 10) prior to SCIG treatment for 8 of the 12 SIP scales compared
with the general population reference group [18]. After SCIG treatment initiation, significantly lower scores were
recorded in treated patients for 3 of the 12 SIP scales, namely ambulation (p < 0.05), mobility (p < 0.01), and
social interaction (p < 0.05) compared with the reference group [18].
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SCIG-dosing regimens & patient health & treatment pathways

Detailed information on SCIG-dosing regimens and/or patient health and treatment pathways were included
in seven of the studies (Supplementary Table 3) [15,17–20,24,28]. Only three studies reported the brand of SCIG
used [15,19,20]. Although Gardulf et al. evaluated a mixed population of IG-naive (n = 24) and IG-experienced
(n = 165) patients, no separate information on the infusion parameters for those who were IG-naive were re-
ported [19]. Most studies did not report information on location and number of infusion sites and only five studies
reported detailed dosing information [15,18–20,24].

Dosing regimens for SCIG were similar among the studies that reported detailed dosing information [15,18–20,24].
The planned treatment in Borte et al. consisted of a loading phase of 100 mg/kg SCIG administered in the
hospital, followed by a maintenance phase of 100 mg/kg/week SCIG administered at home as a single weekly
infusion or divided into two infusions per week [15]. Information on loading regimens from the available studies
is presented in Supplementary Table 4. Similarly, patients (n = 10) in Gardulf et al. received SCIG self-infusions
at home at a dose of 100 mg/kg/week, after an introductory period in which treatments were administered in the
hospital [18]. Other dosing regimens were reported at a mean dosage of 160 mg/kg/week (range 70 to 260) [20]

and 400 mg/kg/4 weeks [24] for IG-naive patients, which are also similar to the dosing regimens in Borte et al.
(2011) [15] and Gardulf et al. [18].

Other outcomes

Other outcomes reported in the included studies covered patient perception of infections, parental satisfaction with
SCIG treatment [20], compliance [24] and stress [24]. Gaspar et al. reported generally positive satisfaction levels among
parents of children receiving rapid SCIG as initial IGRT (n = 9), as well as among those who were IG-experienced
(n = 11) [20].

Quality assessments of included studies

Quality assessments were performed for the included studies using CASP checklists (https://casp-uk.b-cdn.net/wp-
content/uploads/2018/03/CASP-Cohort-Study-Checklist-2018 fillable form.pdf) for case-control and cohort
studies. The results of the quality assessments are reported in Supplementary Table 5.

Discussion
This systematic literature review highlighted a lack of studies investigating the use of subcutaneous immunoglobulin
(SCIG) specifically in patients with primary immune deficiency (PID) not previously treated with immunoglobulin
(IG). Although three of the included studies were published in the 1990s, indicating a long history of studying
IG-naive patients, many (n = 27) of the studies identified did not report results for IG-naive patients separately
and were, thus, excluded from this review. The lack of studies reporting results separately for IG-naive and IG-
experienced patients also suggests that initiating SCIG is commonplace in clinical practice and that researchers
do not feel the need to differentiate patients by IG-experience status. IG-naive patients may not have appreciably
different experiences from IG-experienced patients in terms of response to SCIG treatment, AEs, and dosing
schedules.

Overall, SCIG treatment in IG-naive patients with PID was found to improve IgG levels and decrease the
burden of infections due to PID. Similar pharmacokinetic parameters and responses were seen in IG-naive and
IG-experienced patients after the loading dose period ended for IG-naive patients. These real-world findings are
consistent with results from a recent population-level pharmacokinetic modeling study that simulated serum IgG
profiles in IG-naive patients with PID, and which suggested that attainment of IgG levels above a protective target
threshold can be achieved with SCIG using appropriate loading-dose regimens [29]. However, IG-naive patients
required a short loading phase (1 week) with frequent administration to achieve therapeutic target IgG levels, and the
loading dose needed varied considerably depending on endogenous baseline IgG levels, with steady-state serum IgG
levels achieved by approximately 12 weeks [29]. New SCIG users who were previously IG-naive also demonstrated
a substantial reduction in infections [15,20] and antibiotic use [26], further supporting the suggestion that IG-naive
patients do not appear to differ from IG-experienced patients in terms of their ability to achieve therapeutic
levels of IgG following initiation of SCIG. Collectively, these results highlight a need for future investigation of
whether initiating SCIG without previous IVIG treatment can achieve similar therapeutic benefits in a comparable
timeframe to initiating SCIG with prior IVIG treatment. Furthermore, future studies should investigate what
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loading regimens may be needed in IG-naive patients to achieve therapeutic IgG levels in a reasonable time period
while maintaining favorable safety and tolerability profiles.

Three studies reported substantial improvements in HRQoL outcomes following initiation of SCIG [14,15,18].
The study by Anterasian et al. [14] specifically showed that initiating on SCIG treatment led to more favorable
outcomes in the SF-36 (significant improvements in all 8 domains) compared with patients who were started on
IVIG (significant improvements in 5 domains). Studies that reported safety and tolerability data for SCIG treatment
in IG-naive patients with PID showed that AEs were generally local and mild to moderate, and consistent with the
overall safety and tolerability profile reported in studies of IG-experienced patients switching to SCIG [30]. Most
studies did not report information on location and number of infusion sites, and dosing regimens of SCIG were
similar across the seven studies with available detailed data.

Few studies compared SCIG treatment in IG-naive and IG-experienced patient populations. Additionally,
the available literature had limited data on patients who withdrew from SCIG or switched to IVIG because of
a preference for the latter. Available data for some clinical outcomes, such as IgG level achieved and antibiotic
requirement, showed no notable differences between IG-naive and IG-experienced patients. Information on loading
regimens was scarce or was not detailed, and it is possible that the studies not reporting a loading dose did not use
any loading regimens.

Quality assessments of included studies were generally graded as low, with many studies not reporting enough
information to determine whether the methods were appropriate (five of the studies were only available as abstracts).
Inherent biases and incomplete information also often exist in observational studies, particularly retrospective
studies.

One limitation of this systematic literature review is that, although substantial and rigorous search methods were
employed, we limited our search terms to the focus of the research question and restricted the population and
intervention terms because PID covers an extensive range of disorders in which studies can use broad index terms.
This targeted approach allowed us to maintain a feasible quantity of literature to review but may have resulted in
some potentially relevant studies not being captured. However, supplementary database searches were conducted to
ensure the review was robust. Another limitation is that although language was not limited to English in the initial
searches, only English-language articles were screened. There were limitations to the results of this review because
only five studies provided detailed information on SCIG dosing in treatment-naive patients [15,18–20,24]; hence
the reported dosing regimens may not be generalizable to all populations. Additionally, HRQoL data specifically
evaluating the difference in clinical outcomes between IG-naive versus IG-experienced patients receiving SCIG are
lacking, and quality of studies was difficult to assess because many studies had limited reporting and insufficient
information. Finally, a meta-analysis could not be conducted due to the heterogeneity of the studies identified.

Conclusion
Although numerous studies have been published on the use of subcutaneous immunoglobulin (SCIG) in IG-
experienced patients with PID, this review revealed that few studies specifically reported on use in the IG-naive
population. Based on data from the available studies, patients initiating SCIG without previous IGRT experience
appear to have treatment tolerability profiles, infection rates, attainment of target IG levels, and improvement
in HRQoL benefits consistent with those previously reported for IG-experienced patients. Owing to the limited
literature, however, there is a lack of conclusive data on safety/tolerability profiles and optimal dosing. Future
studies that evaluate optimal loading regimens for IG-naive patients and that directly compare clinical or HRQoL
outcomes by IG-experience status would help to corroborate the available findings.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/

suppl/10.2217/imt-2021-0265
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Summary points

• In total 16 studies were included in this systematic literature review. The review excluded 116 studies because it
was unclear whether patients were immunoglobulin (IG)-naive (89 studies) or because results were not reported
separately for IG-naive and IG-experienced patients (27 studies).

• Efficacy and effectiveness outcomes (reported in 8 studies) included IgG levels (eight studies), infections
(four studies) and antibiotic use in response to infections (six studies).

• Overall, subcutaneous immunoglobulin (SCIG) treatment was shown to be effective in increasing mean IgG levels
in both IG-naive and IG-experienced patients.

• AEs were generally mild to moderate and primarily occurred locally at the injection site among IG-naive patients
receiving SCIG.

• Improvements in HRQoL were seen after SCIG treatment initiation in IG-naive patients (three studies), in some
cases more favorable to SCIG compared with IVIG.

• Dosing regimens for SCIG were similar among the studies that reported detailed dosing information.
• The quality of the studies was graded as low, with many studies not reporting enough information to determine

whether the methods were appropriate.
• There is a lack of studies investigating SCIG use in IG-naive patients with PID. Data from available studies suggest

that IG-naive patients initiating SCIG have similar clinical and HRQoL outcomes as reported for IG-experienced
patients.
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