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Intravenous immunoglobulin (IVIg) infusions at 3–4 week in-
tervals are currently standard therapy in the United States for
patients with primary immune deficiency diseases (PIDD). To
evaluate alternative modes of immunoglobulin administration
we have designed an open-label study to investigate the efficacy
and safety of a subcutaneously administered immunoglobulin
preparation (16% IgG) in patients with PIDD. After their final
IVIg infusion, 65 patients entered a 3-month, wash-in/wash-out
phase, designed to bring patients to steady-state with subcuta-
neously administered immunoglobulin. This was followed by
12 months of weekly SCIg infusions, at a dose determined in a
pharmacokinetic substudy to provide noninferior intravascular
exposure. This resulted in a mean weekly dose of 158 mg/kg,
calculated to equal 137% of the previous intravenous dose.
Two patients (4%) each reported 1 serious bacterial infection
(pneumonia), an annual rate of 0.04 per patient-year. There
were 4.43 infections of any type per patient-year. Mean trough
serum IgG levels increased from 786 to 1040 mg/dL during the
study, a mean increase of 39%. The most frequent treatment-
related adverse event was infusion-site reaction, reported by
91% of patients; this was predominantly mild or moderate, and
the incidence decreased over time. No treatment-related serious
adverse events were reported. We conclude that subcutaneous
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administration of 16% SCIg is a safe and effective alternative to
IVIg for replacement therapy of PIDD.
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INTRODUCTION

Immunoglobulin replacement has been standard ther-
apy for patients with primary immune deficiency diseases
(PIDD) since it was introduced more than 50 years ago
by Bruton and colleagues to treat a patient with agam-
maglobulinemia (1). Long-term treatment, using human
immunoglobulin derived from donated plasma, reduces
the frequency and severity of infections by maintaining
serum immunoglobulin G (IgG) concentrations closer to
physiological levels in the normal population. Although
Bruton initially administered immunoglobulin subcuta-
neously, intravenous administration became the preferred
mode of administration in the 1980s. Intravenously ad-
ministered immunoglobulin (IVIg) allowed infusion of
higher doses over a relatively short time, and has remained
the standard route of administration in much of the world.
However, IVIg therapy is not ideal for all patients and may
be difficult for those with poor venous access or those
experiencing recurrent systemic reactions. Reactions to
IVIg therapy that persist beyond the first infusion are usu-
ally mild to moderate and include myalgia, fever, chills,

Abbreviations used: AEs: adverse events; CL: confidence limit; HIV: hu-
man immunodeficiency virus; ITT: intention-to-treat; IgA: immunoglob-
ulin A; IgG: immunoglobulin G; PIDD: primary immune deficiency
diseases; IVIg: intravenously administered immunoglobulin; SCIg: sub-
cutaneously administered immunoglobulin; SBIs: serious bacterial in-
fections.
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headache, lower back pain, nausea, and vomiting (2–4).
The incidence of these reactions has decreased substan-
tially with the development of newer IVIg preparations,
such that they are now estimated to affect only approxi-
mately 5% of patients (5). Nevertheless, some studies have
reported substantially higher rates of headache, up to 61%
(6, 7). Although the incidence of systemic reactions can be
reduced by decreasing the rate of infusion, many patients
require premedication, including hydrocortisone, prior to
their IVIg infusion. In a recent survey by the Immune
Deficiency Foundation, 45% of the responding patients
reported that they regularly premedicate before receiving
IVIg infusions (8).

Several clinical trials of subcutaneously administered
infusions of immunoglobulin, formulated for intramus-
cular use, provided high serum trough levels of IgG
and comparable protection from infection, while ad-
verse events were reduced when compared to IVIg (2,
9–14). In these trials, subcutaneous IgG was adminis-
tered every 3 to 14 days, as compared to every 21 to
28 days for IVIg, and provided more consistent serum
IgG trough concentrations compared to the initial high
peak followed by low trough levels associated with IVIg
therapy.

Studies in Sweden, where subcutaneous infusions of
immunoglobulin have become standard, and recently in
North America have also demonstrated significant im-
provement in quality of life and treatment satisfaction as
reported by PIDD patients due to the increased indepen-
dence and scheduling flexibility associated with home-
based, self-administered therapy (12, 13, 15, 16). In these
studies, patients reported that self-administration of sub-
cutaneous IgG was easy to learn. Therefore, in addition
to patients with poor venous access and those who expe-
rience intolerable systemic adverse events with IVIg ther-
apy, appropriate candidates for subcutaneous therapy may
include motivated, independent patients, and/or patients
who live far from an infusion center or have time con-
straints during business hours of infusion centers. Since no
approved immunoglobulin preparation for subcutaneous
use is presently available on the US market, this route of
administration has been available for only a fraction of
patients who may otherwise have opted for subcutaneous
IgG therapy.

Vivaglobin R© (ZLB Behring: Marburg, Germany and
Bern, Switzerland; SCIg), a polyvalent unmodified human
immunoglobulin, has been licensed for subcutaneous ad-
ministration in several European countries and in the US
by the Food and Drug Administration (FDA). The present
study was designed to evaluate the efficacy, safety, and tol-
erability of subcutaneously administered SCIg in children
and adults with PIDD.

METHODS

Patient Selection

Male and non-pregnant female patients with predomi-
nant antibody deficiencies (common variable immune de-
ficiency and X-linked agammaglobulinemia) were eligi-
ble for study entry. Patients had to be on IVIg therapy for at
least 4 months, over 2 years of age and have a bodyweight
of 10 kg or more. Exclusion criteria included evidence
of hepatitis (A, B or C) or HIV infection at screening,
bleeding disorders, and treatment with immunosuppres-
sive drugs. Individuals with a history of alcohol or drug
abuse, breastfeeding women, and women of childbearing
age not using adequate contraception were also excluded
from the study.

Study Design

The clinical trial was designed as an open-label,
prospective, multicenter study, in accordance with the In-
ternational Conference on Harmonisation (ICH), Good
Clinical Practice (GCP) guidelines and the Declaration of
Helsinki. The study received Institutional Review Board
approval, and prior to enrolling into the study, all patients
provided their written informed consent.

The study included three phases: baseline (3–4 weeks),
wash-in/wash-out (12 weeks), and efficacy (52 weeks).
During the baseline phase, each patient received his/her
usual IVIg treatment; vital signs, baseline biochemical
and viral tests were performed, and serum IgG trough
levels were measured. One week after receiving the last
IVIg dose, each patient started weekly subcutaneous in-
fusions of SCIg (Vivaglobin R© 16% IgG; ZLB Behring:
Marburg, Germany and Bern, Switzerland) for at least 3
months (wash-in/wash-out phase). Prior to starting this
phase, all patients or their caregivers were instructed on
how to administer SCIg therapy at home. The first two
subcutaneous infusions were done under the supervision
of trained nurses. The product was administered at 1 or
multiple injection sites using an infusion pump, with rates
limited to ≤20 ml/h at any 1 injection site, and a total
volume of ≤15 ml per injection site.

The dosage of SCIg used in this study was based on
the results of a pharmacokinetic study carried out in a
subset of 24 patients, to determine the area under the
curve for both IVIg and SCIg. The results of this inves-
tigation determined that to achieve area under the curve
for serum IgG over time comparable to previous IVIg
therapy, the total monthly SCIg dose must be 137% of
the previous IVIg dose. For those patients participating
in the pharmacokinetic substudy, the SCIg doses were
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individually adjusted based on each subject’s IgG levels.
All other patients entering the efficacy phase received a
doe adjustment of 137% of their weekly-equivalent IVIg
dose, which resulted in a mean weekly dose of 158 mg/kg
(range 155–165 mg/kg).

Efficacy Assessments

The primary efficacy variable was the number of
clinically documented serious bacterial infections (SBIs)
occurring during the 12-month efficacy period. SBIs were
defined as bacterial pneumonia, meningitis, sepsis, os-
teomyelitis, or visceral abscess. These were diagnosed
by a practicing physician (preferably the study investiga-
tor) according to standard medical procedures (physical
examination, laboratory tests, bacterial cultures, imaging).

Secondary efficacy variables included episodes of in-
fection (protozoa, bacteria, fungi, or viruses) other than
those identified as SBIs. The number and duration of
febrile episodes (>38.5◦C) were also recorded. The use
of antibiotics during the efficacy phase was documented,
including the dose and the number of treatment days.
The number of days off school or work due to infections
and the number of days in hospital due to infections were
recorded by each patient in a diary. Trough levels of serum
IgG were measured on serum samples taken immediately
prior to the efficacy-phase subcutaneous infusions on days
1, 17, 29, 41, and 53.

Adverse events (AEs), laboratory-safety variables, and
blood-borne virus screening were documented through-
out the study. AEs were classed as treatment-related if
they appeared after the onset of SCIg therapy. Vital signs
(e.g., pulse and blood pressure) and infusion-site reactions
were monitored before infusion, during the procedure, and
30 min after completion of the infusions. These measure-
ments were performed during every IVIg infusion and
every fourth SCIg infusion.

Statistical Analysis

All efficacy variables were analyzed according to
the protocol; only those patients who completed the
12-months efficacy phase were evaluated. The primary
objective of the study was to demonstrate that the number
of SBIs/patient-year was <1. Poisson regression was used
to calculate the upper 99% confidence limit (CL) of the
annual SBI rate. Sensitivity analyses were also conducted
to consider data collected from the 14 discontinued pa-
tients and extrapolate the number of SBIs per subject,
thus avoiding introducing any bias into the study findings.

The safety analyses were based on a modified intention-
to-treat (ITT) population: all patients that had received

Table I. Patient Demographics and Disposition for the Modified ITT
Population (n = 65)

Characteristic Value

Age, mean ± SD (years) 33.9 ± 15.2
Age range (years):

2 to 11 6 (9%)
12 to 15 4 (6%)
16 to 65 54 (83%)
>65 1 (2%)

Gender, n (%):
Female 28 (43%)
Male 37 (57%)
Weight, mean ± SD (kg) 72.2 ± 20.3

PIDD Diagnosis:
Common variable immune

deficiency (CVID)
51 (78%)

X-linked agammaglobulinemia
(XLA)

14 (22%)

Mean IgG concentration at
diagnosis ± SD (n = 45)

222.9 ± 242.6

Previous IVIg treatment interval (weeks):
2 1 (2%)
3 23 (35%)
4 41 (63%)
Mean weekly-equivalent IVIg

dose (mg/kg) ± SD
116.1 ± 41.9

Note. SD: standard deviation.

at least one SCIg infusion were included. Safety vari-
ables were assessed using appropriate descriptive statisti-
cal methods.

RESULTS

Patient Disposition

Patient demographics and disposition are described in
Table I. A total of 68 patients were enrolled into the study
and entered the baseline IVIg phase (ITT population).
Since three patients withdrew before receiving any study
medication, 65 started the 3-month, wash-in/wash-out
phase (modified ITT population). As 14 patients withdrew
from the study after starting the efficacy phase, a total of
51 patients completed the study according to the protocol
(per-protocol population). The most common reasons for
withdrawal were adverse events and withdrawal of con-
sent (six patients each); one patient was lost to follow-up
and there was one protocol violation. The flow of patients
through the study is provided in Fig. 1.

Serum Trough IgG Levels

Trough levels of serum IgG were higher during the
efficacy phase of the study than at baseline. The mean
pre-infusion level increased from 786 mg/dL at baseline
to 1,040 mg/dL during SCIg treatment, representing a
39% increase. As shown in Fig. 2, trough levels remained
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Fig. 1. Flow of patients through the study.

Fig. 2. Mean serum IgG trough concentrations during the study.
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Table II. Most Frequently Reported Infection Episodes ( ≥10% of
Patients) (n = 51)

Infection
Number of infections
per subject-year

Number of subjects
with infection (%)

Any infections
Age range:

2–11 years
(n = 5)

5.56 5 (100%)

12–15 years
(n = 3)

4.32 3 (100%)

16–65 years
(n = 42)

4.36 40 (95%)

>65 years
(n = 1)

1.98 1 (100%)

All subjects 4.43 49 (96%)
Sinusitis 1.31 29 (57%)
Upper respiratory

infection
0.85 26 (51%)

Infection (NOS) 0.42 14 (27%)
Bronchitis 0.29 13 (25%)
Rhinitis 0.29 10 (20%)
Conjunctivitis 0.21 10 (20%)
Otitis media 0.15 6 (12%)
Flu syndrome 0.13 6 (12%)
Urinary tract infection 0.13 5 (10%)

Note. NOS: not otherwise specified.

relatively stable throughout the wash-in/wash-out and ef-
ficacy phases of the study.

Infections

During the 12-month efficacy phase, 2 SBIs were re-
ported, resulting in an annual rate of 0.04 episodes per
patient-year (upper 99% CL: 0.14). Both SBIs were pneu-
monias, and two patients (4%) were affected. Sensitivity
analyses produced values ranging between 0.04 and 0.07
SBIs per patient-year.

A total of 49 patients (96%) reported infections of any
type during the efficacy phase. This group includes 11
patients reporting chronic infections (sinusitis, bronchitis,
conjunctivitis, dental abscess) with durations longer than
220 days. The annual rate of infections was 4.43 per
patient-year, and the number of days with infection was
118.0 per patient-year. There was an apparent trend
towards overall infection rate reductions with increasing
age (Table II). The most frequently reported infections
were sinusitis (in 57% of patients), upper respiratory
infection (51%), bronchitis (25%), rhinitis (20%), and
conjunctivitis (20%) (Table II). Sinusitis was the longest
lasting infection (mean duration of 53 days, suggesting
that sinusitis is a chronic problem in this patient popula-
tion), followed by upper respiratory infection (22 days).

Nine febrile episodes were observed during the efficacy
phase in 6 patients (11.8%). The cumulative duration of
these episodes was 12 days, giving an annualized rate of

Table III. Most Frequently Reported Treatment-Related Adverse
Events (n = 65)

Adverse event (rate per infusion)
Number of patients
affected (%)

Number of
events

Infusion-site reactiona 59 (91%) 1787 (0.49)
Headache 21 (32%) 59 (0.016)
Nausea 7 (11%) 9 (0.002)
Rash 4 (6%) 9 (0.002)
Asthenia (weakness) 3 (5%) 3 (0.001)
Gastrointestinal disorder 3 (5%) 3 (0.001)

aPredominantly mild-to-moderate severity, involving swelling, red-
ness, and itching.

0.23 days per patient-year. Forty-seven patients (92.2%)
reported using antibiotics, for a total of 6,240 days. The
annual rate of antibiotic use was 120.2 days per patient-
year.

Thirty-two patients (62.7%) missed a total of 192 days
of school or work due to infections during the efficacy
phase, resulting in an overall rate of 3.70 days per patient-
year. Over the same period, four patients (7.8%) were
hospitalized due to infection (including the two patients
with pneumonia), for a total of 12 days or 0.23 hospital
days per patient-year.

Adverse Events

Out of a total of 3,656 infusions, 2,584 treatment-
emergent AEs were reported (0.71 per infusion), and
1,901 were considered by the investigator to be treatment
related (0.52 per infusion). There was no relationship be-
tween the incidence or rate of treatment-emergent AEs
and increasing the dose of SCIg.

Details of treatment-related adverse events are given in
Table III. The most frequent type of treatment-emergent
AE, infusion-site reaction, was observed at least once in
60 patients (91%). The large majority (96%) of these re-
actions were of mild or moderate intensity; most were
of short duration (1 or 2 days); and most required no
treatment. As shown in Fig. 3, the incidence of infusion-
site reactions decreased over time. While 85% of pa-
tients (55/65) reported infusion-site reactions after the
first SCIg infusion, this had declined to 41% (22/54) after
the 33rd infusion and remained relatively stable thereafter.
Three subjects discontinued treatment due to infusion-site
reactions—the withdrawals were on days 1, 22, and 78
after SCIg therapy was started.

Another treatment-emergent adverse event reported in
this study was headache. A total of 31 subjects (48%) re-
ported a total of 159 episodes of headache during the one
year efficacy period. Of these 31 subjects, 11 reported
mild headache, 9 moderate, and 11 severe. The mean
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Fig. 3. Incidence of infusion-site adverse events over time.

duration of headache was 2.7 days, and mean time to onset
of headache in most subjects was 2 days after infusion.
There were 59 episodes of headache, which were con-
sidered treatment-related and there were a total of 3,656
infusions. Thus, the rate of infusion-related headaches
was 1.6%.

Nine patients (14%) reported a total of 10 serious ad-
verse events (surgery [1], atrial septal defect [1], postural
hypotension [1], gastroenteritis [1], intestinal obstruction
[1], other gastrointestinal disorder [1], depression [1],
epistaxis [1], and pneumonia [2]), none of which were
related to study treatment. No deaths were reported during
the study. No hematological or other laboratory parame-
ter showed any notable changes during the study, and no
product-related, virus-safety issues were apparent.

DISCUSSION

The results of this study demonstrate the efficacy,
safety, and tolerability of self-administered subcutaneous
immunoglobulin therapy. The annualized rates of both
serious bacterial infection (0.04/patient) and overall in-
fection (4.43/patient) are low. It is difficult to compare
these results with other studies owing to differences in
dosing, patient selection, infection reporting and other
aspects of methodology. Nevertheless, the results appear
similar to those obtained with IVIg therapy: two recent
studies of IVIg in PIDD patients have shown SBI rates

of 0.1 (17) and 0.061 (18) per patient-year, respectively,
and an overall infection rate of 3.9 per patient-year (19).
Furthermore, in a parallel study of SCIg conducted in
Europe and Brazil (reported in the same issue of the Jour-
nal), the same immunoglobulin preparation as used in the
present study was found to produce almost identical rates
of overall infections and serious infections (20). The pri-
mary difference between these two studies is the weekly
dose: in the European/Brazilian study, the SCIg dose was
calculated to be equivalent to 100% of each patient’s
previous IVIg dose, while in the North American study
this was 137%. The results from the European/Brazilian
study demonstrate that administering a SCIg dose equal
to the standard IVIg dose (approximately 100 mg/kg per
week) results in an IgG trough level (920 mg/dL) that
provides adequate protection to these patients while not
being associated with additional SBIs. Conversely, the
increased IgG trough levels (mean 1040 mg/dL) observed
in the current study do not appear to confer any additional
benefits. This reflects the findings of an earlier study where
no dose-related differences in infection rates were found
between IVIg administered monthly at doses of 200, 400,
or 600 mg/kg (21).

The overall infection rate observed during the present
study necessitated treatment with antibiotics in about 1
day of 3. However, most reported infections were minor
and did not result in a loss of time from school or work:
each patient missed on average fewer than 4 days of school
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or work per year and only four patients had to be hospi-
talized due to infections for a total of 12 days, which is
less than a quarter of a day per patient per year.

The present study demonstrates that SCIg therapy is
well tolerated, with no apparent safety concerns. Although
97% of patients experienced treatment-related AEs, this
was primarily attributable to a high rate of infusion-site
reactions including local swelling, soreness, redness, and
induration, which affected 92% of patients and were al-
most all of mild or moderate intensity. This finding is con-
sistent with previous studies, which have reported similar
levels of local tissue reactions following subcutaneous
administration of immunoglobulin preparations (10, 14,
20). It is interesting to note that in the European/Brazilian
study using the same SCIg preparation, the Swedish sub-
jects who had been receiving long-term SCIg therapy prior
to study entry reported virtually no infusion-site reactions
(20).

Approximately one in five patients withdrew prema-
turely from the study. Apart from consent withdrawal by
six patients (which would not be encountered in clinical
practice), the most common reason for withdrawal was
AEs. However, only three subjects discontinued treatment
due to infusion-site reactions. The rate of withdrawal due
to AEs can be minimized by ensuring optimal patient
education, so that the product is administered with the
correct technique and the patient recognizes that some
local reaction is to be expected. Successful SCIg therapy
is also dependent on convincing the patient that maximum
adherence to the infusion schedule is essential to treatment
efficacy.

The efficacy data collected during this study are similar
to those reported from previous trials using other sub-
cutaneously administered immunoglobulin preparations
(2, 10, 22). A clinical trial by Gaspar et al. involving
children with PIDD reported no serious or life-threatening
infections and no infections requiring hospitalization
during an observation period of between 6 months and
3.5 years (22). Subcutaneous administration was well
tolerated, with no systemic or clinically significant AEs
observed (2, 10, 22).

In a direct comparison of SCIg versus IVIg replacement
therapy, no significant differences between the number of
infections were reported, with overall infection rates of
3.82 and 4.12, respectively (10). The subcutaneous ad-
ministration of immunoglobulin has a number of poten-
tial benefits over intravenous infusion that may appeal to
many PIDD patients. These include elimination of venous
access; improved safety; smoother, more consistent, and
stable serum IgG levels; and the flexibility provided by
self-infusion at home rather than in an infusion center
(13).

In addition to the benefits of decreased systemic AEs
associated with SCIg administration, the potential risk of
life-threatening anaphylactic shock may be reduced or
even eliminated. Patients with antibodies to immunoglo-
bulin A (IgA) have been identified as being potentially
at risk of anaphylactic shock during IVIg therapy (23).
Clinical observations suggest that SCIg can not only be
administered safely to these patients, but may even lead to
a decrease or elimination of anti-IgA antibodies (24, 25).

One unresolved issue is the optimal dosing of SCIg in
comparison to IVIg and the resulting IgG peak and trough
levels. A single monthly IVIg dose, usually 400 mg/kg,
results in an instant rise in serum IgG level with an
average increase of 800–1,000 mg/dL above the trough
level. On subsequent days serum IgG concentrations drop
relatively quickly due to the equilibration of the infused
immunoglobulin between the intravascular and total ex-
tracelluar spaces (26). This equilibration phase is followed
by a slow decline in serum IgG concentration, which is
dependent on the metabolic rate of the patient and the
half-life of the preparation. It is generally recommended
that the trough IgG level at the time of the next infusion
remains at or above 500–600 mg/dL, or 350–450 mg/dL
above the baseline (the IgG level prior to starting IVIg)
(27, 28). In contrast to IVIg, frequent subcutaneous infu-
sions of IgG will generate a local depot resulting in slow
absorption and in a nearly constant serum level of IgG. In
this trial the mean “trough” IgG level was 1,040 mg/dL.
Thus, in contrast to the high peak and low trough levels
observed with monthly infusions of IVIg, weekly infu-
sions of SCIg generate peak and trough levels that differ
very little. Because the rate of SBIs was only 0.04 per pa-
tient per year, it is unlikely that a high serum IgG peak is
required for the success of immunoglobulin prophylaxis.
On the other hand, the low trough level of IgG has been
linked to the increased susceptibility of PIDD patients to
bacterial infections during the week before the monthly
IVIg infusions.

Finally, the controversy of calculating comparable
doses for SCIg and IVIg needs to be addressed. After
consulting the FDA, a dose of SCIg was chosen that
led to an area under the curve equal to that achieved
by IVIg. This postulate required an average increase
of the SCIg dose to 137% of that given intravenously.
However, such an increase in the SCIg dose seems to
be unnecessary since the rate of serious infection during
the North American study was the same as during the
European/Brazilian study in spite of the fact that in the
European/Brazilian clinical trial the monthly dose of
SCIg was kept identical to the IVIg dose.

Most importantly, all participating patients managed
without difficulties the task of self infusion at home.
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Self-infusion of IVIg at home is more difficult and
is offered by very few centers in the United States.
Quality-of-life studies have shown consistently that self
infusion at home is crucial for patient satisfaction (15,
16). Thus, the availability of preparations that can be
infused subcutaneously will provide PIDD patients with
the option of self-infusion at home without compromising
safety and efficacy, and potentially at lower cost (14).

In conclusion, the data from this open, prospective,
multicenter study confirm that self-administered, subcu-
taneous immunoglobulin therapy is a safe and effective
alternative to intravenous immunoglobulin therapy for
children and adults with PIDD.
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