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Introduction

Summary

Immunoglobulin (Ig) administration via the subcutaneous (s.c.) route has
become increasingly popular in recent years. The method does not require
venous access, is associated with few systemic side effects and has been
reported to improve patients’ quality of life. One current limitation to its
use is the large volumes which need to be administered. Due to the inability
of tissue to accept such large volumes, frequent administration at multiple
sites is necessary. Most studies conducted to date have investigated the use
of subcutaneous immunoglobulin (SCIg) in patients treated previously with
the intravenous (i.v.) formulation. New data now support the use of s.c.
administration in previously untreated patients with primary immunodefi-
ciencies. SCIg treatment may further be beneficial in the treatment of
autoimmune neurological conditions, such as multi-focal motor neuropa-
thy; however, controlled trials directly comparing the s.c. and i.v. routes are
still to be performed for this indication. New developments may further
improve and facilitate the s.c. administration route. For example,
hyaluronidase-facilitated administration increases the bioavailability of
SCIg, and may allow for the administration of larger volumes at a single site.
Alternatively, more concentrated formulations may reduce the volume
required for administration, and a rapid-push technique may allow for
shorter administration times. As these developments translate into clinical
practice, more physicians and patients may choose the s.c. administration
route in the future.

Keywords: hyaluronidase, IgPro20, peripheral neuropathy, primary immuno-
deficiency, subcutaneous immunoglobulin

of a boy with agammaglobulinaemia [3]. Interestingly,
Bruton administered IgG via the s.c. route and demonstrated

Immunoglobulin (Ig) replacement has long been used for
the treatment of a wide variety of primary and secondary
antibody deficiencies and autoimmune disorders. Other
current investigational uses include sepsis and neurological
diseases such as stroke and even Alzheimer’s. IgG may be
administered by the intramuscular, subcutaneous (s.c.) or
intravenous (i.v.) routes. Intramuscular injection, however,
is no longer considered appropriate for routine replacement
therapy [1]. The method is painful for most patients, limited
in volume and the resulting serum IgG levels in patients with
hypogammaglobulinaemia are not comparable to physi-
ological levels [2].

IgG replacement therapy was introduced in 1952 by
Colonel Bruton, who used a 16% solution for the treatment

a beneficial effect. Slow s.c. immunoglobulin (SCIg) infu-
sions using portable syringe drivers were introduced in the
United States in 1980, and used subsequently in parts of
Europe and New Zealand [4]. Although the slow s.c. infu-
sions were an advance over intramuscular infusions, the
infusions were time-consuming and the volume that could
be administered in a single infusion was still limited. As a
result, the s.c. route did not become popular at that time. In
the United States, virtually all primary immunodeficiency
(PID) patients have been treated via the i.v. route since intra-
venous immunoglobulin (IVIg) formulations became avail-
able in the early 1980s. In Scandinavia, however, the SCIg
administration method has been developed further and was
reintroduced in 1991 as rapid SCIg therapy (20 ml/h/pump)
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[5]. This method has become standard practice in Sweden
and Norway [4]. Today, more rapid infusions with rates of up
to 35 ml/h/pump are available [6] and make this adminis-
tration route increasingly popular on both sides of the
Atlantic.

Both i.v. and s.c. administration of immunoglobulin at
adequate doses increases serum IgG trough levels to physi-
ological concentrations [4,7] and protects PID patients from
bacterial infections [8-10]. As expected, the pharmacoki-
netic (PK) profiles of IgG following i.v. and s.c. administra-
tion differ. Administration of IVIg leads to an immediate rise
in the serum IgG concentration to extremely high levels, in
most cases over 1000 mg/dl, followed by a rapid fall over
the next several days, associated with the passage of 1gG
from the vasculature to the lymph and extracellular fluid
compartments. A further slow decline of the serum IgG level
is caused mainly by its catabolism [1]. When administered
via the s.c. route, IgG is distributed initially in the local
subcutaneous tissue, followed by slow diffusion into the vas-
cular and extravascular fluid space [1].

In healthy subjects, IgG has a half-life of 23-25 days [11].
Recent studies in hypogammaglobulinaemic patients receiv-
ing IVIg or SCIg have reported half-lives as long as 34—-37 days
[12,13] and 41 days [14], respectively. Thus, there is no clini-
cally significant difference in the half-life of IgG between the
two administration routes. However, s.c. regimens usually
involve weekly dosing, compared with i.v. regimens in which
a large dose is given every third or fourth week. The use of
smaller doses at more frequent intervals with s.c. administra-
tion results in stable, higher trough IgG serum concentrations
which remain constant between consecutive SCIg infusions
[9,10,14,15]. Thus, wear-off effects, reported by i.v. patients
towards the end of their 3—4-week interval, are avoided with
most SCIg dosing regimens. Because peak Ig levels are lower,
adverse effects associated with the very high peaks experi-
enced after large i.v. boluses are much less common. Overall,
SClg is associated with fewer infusion-related events than
IVIg, and most patients tolerate SCIg well.

There are a number of advantages of SCIg over IVIg.
Venous access is not required and the need for premedica-
tion with corticosteroids and anti-histamines is reduced. A
programmable pump is usually used to deliver SCIg. The
technique is easy to learn and can be performed even by
children and elderly patients. IgG can therefore be self-
administered by many patients at home, often obviating
the need for an infusion nurse. For most patients, self-
administration results in improved convenience, better
quality of life (QoL) and fewer absences from work [4,7].
Several studies have investigated the switch from hospital-
based IVIg therapy to home-based SClg therapy [4,7].
Increased QoL and treatment satisfaction was reported in a
European cohort of 15 children and 32 adults with PID [16].
The adult patients reported increased vitality, mental health
and social functioning. All the children and 73% of the
adults preferred s.c. over i.v. therapy. In a similar study in

North America, patients previously on IVIg reported fewer
limitations in daily activities and increased health and vital-
ity after 12 months of SCIg self-infusing at home [17].

Avoiding visits to hospitals or doctors offices and elimi-
nating visiting nurses result in lower long-term costs [4].
One cost analysis performed in Sweden found that the use of
s.c. at home instead of i.v. infusions at a hospital would
reduce the yearly cost per patient for the health-care sector
by $US10 100; however, one driver for this reduction was the
difference in price between the SCIg and IVIg preparations
[18]. Two more recent pharmacoeconomic evaluations, one
from Canada and one from Germany, have shown similarly
reduced costs associated with s.c. administration [7,19].

Despite its well-established safety profile, IgG administra-
tion via the iv. route can lead to undesired symptoms,
ranging from mild systemic adverse reactions, such as flush-
ing, fever, muscle aches, tiredness, headache and dizziness, to
severe reactions, manifesting as chest pain, tachycardia,
changes in blood pressure, aseptic meningitis, thrombosis or
renal failure [20]. The SCIg administration route has been
found to result in very few systemic adverse reactions and
may therefore be suitable for patients with previous adverse
reactions to IVIg [4]. Local reactions at s.c. injection sites are
common but are rarely severe, and are accepted by most
patients. In a study of 165 patients who received more than
33000 SClg infusions, only 100 mild and six moderate
adverse reactions were observed [18], demonstrating that the
majority of patients tolerate SCIg well.

Although there are advantages of SCIg over IVIg, potential
limitations to its use exist. Although achieving higher trough
IgG levels and continuously maintaining more physiological
antibody levels, with less drop-off towards the end of the
dosing interval, the total area under the curve (AUC) of
serum IgG versus time in SCIg treated patients is reduced
compared with the AUC achieved with equivalent doses of
IVIg in the same patients. While the clinical relevance of
AUC (differences for the bioavailability of IgG remains
unproven, AUC;.. equivalence to AUC;, has become an issue
for regulators in the United States. As a consequence, the
recommended SCIg dose in the United States is 137% of the
IVIg dose in order to achieve an equivalent AUC. In contrast,
European regulators do not consider AUC equivalence to be
relevant for clinical response, and recommend dosing of
SClg at 100% of the IVIg dose [21].

With the currently available Ig formulations (up to 16%),
the inability of tissues to accept large volumes of infusate
rapidly may present a limitation to s.c. administration. While
IVIgis usually administered every 3—4 weeks, patients receiv-
ing IgG via the s.c. route need frequent administration
(typically one to two times weekly) of a smaller volume at
multiple sites. Some patients and physicians regard the mul-
tiple sites and frequent s.c. infusions as burdensome enough
to decline or recommend against SCIg therapy.

In the session ‘SClg: opportunities and outlook), chaired
by Drs Siraj Misbah and Hans Ochs, the presentations
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focused upon the design of protocols for the use of SClg in
patients with autoimmune neurological diseases and those
naive to IgG therapy, and on exploring promising new strat-
egies to improve the ease and efficacy of the s.c. administra-
tion route. Professor Mathias Sturzenegger presented data on
SClg use in patients with peripheral neuropathies. Professor
Michael Borte reported on his experience with SCIg in pre-
viously untreated PID patients. A new rapid manual push
administration method without the use of pumps for PID
patients was presented by Dr Ralph Shapiro, and Dr Richard
Wasserman reported new findings on how locally adminis-
tered recombinant human hyaluronidase may facilitate the
administration, dispersion and bioavailability of s.c.-infused
immunoglobulin. Preliminary results from a study using a
new highly concentrated immunoglobulin formulation,
IgPro20 (SClg stabilized with proline), were presented by Dr
Melvin Berger.

SClg in the treatment of peripheral neuropathies

High-dose IVIg is an established treatment in acute inflam-
matory demyelinating polyneuropathy (AIDP, Guillain—
Barré syndrome) and immune-mediated inflammatory
neuropathies with a chronic course, such as chronic inflam-
matory demyelinating polyneuropathy (CIDP) and multi-
focal motor neuropathy (MMN) [22]. IVIg treatment may
also be beneficial in other rare, possibly immune-mediated
neuropathies; however, efficacy has not (yet) been estab-
lished in randomized controlled trials [22].

MMN is defined clinically as progressive asymmetric
motor weakness with preserved sensation in the distribution
of two or more nerves, and electrophysiologically by conduc-
tion blocks affecting only motor fibres [23-25], although
definitive diagnostic criteria are still a matter of debate
[26,27]. The favourable response to IVIg treatment in up to
80% [28] and the presence of GMI1 ganglioside auto-
antibodies (anti-GM1) in 30-80% of patients support an
immune-mediated pathogenesis [26]. Four randomized,
controlled studies with a total of 46 MMN patients have
demonstrated that IVIg is an effective treatment, leading to
improved muscle strength in two-thirds of patients [29-32].
However, the few studies that have addressed the long-term
efficacy of IVIg noted a loss of benefit in some patients,
which was attributed to secondary axon loss [33-35]. Nev-
ertheless, IVIg is the only evidence-based treatment available
and is recommended as first-line therapy [27].

CIDP is an acquired, most probably immune-mediated
polyneuropathy that follows a chronic progressive or relaps-
ing course, with symmetrical weakness mainly in distal
muscles, impaired sensation and absent or diminished deep
tendon reflexes. Nerve-conduction studies indicating diffuse
demyelinating nerve damage are essential for diagnosis [36].
Therapeutically, corticosteroids and IVIg are equally effec-
tive, with response rates of 70-80%. In patients not respond-
ing to these treatments, plasma exchange should be

Subcutaneous immunoglobulins (SClg)

considered. IVIg efficacy has been established in six random-
ized controlled studies involving 170 patients [37,38].

Many aspects of IVIg treatment, such as dose or optimal
time interval between infusions, have not been evaluated
systematically for these neuropathies. Establishment of an
IVIg dose-response curve would require a large study with
stratified treatment groups. Different dose responses might
exist in different patient subpopulations, which would
require careful investigation. In this disease setting, it is
unknown whether pulsed treatment with high peaks (and
relatively large intervals between peak and trough levels)
might be clinically more effective, or if fractionated dosing
maintaining stable serum IgG levels might prevent recurrent
weakness at the end of the dosing interval. Of further interest
may be strategies to reduce the necessary cumulative dose
and thus the related costs.

Although efficacy results derived from PID patients may
not be translated directly to neuropathy patients, there are
few theoretical arguments against the use of SCIg in patients
with peripheral neuropathies responsive to IVIg. It is not
known which of the multiple effects exerted by high-dose
IgG administration might be necessary and/or responsible
for the efficacy of this treatment in different immune-
mediated neuropathies with established responsiveness to
IVIg. Furthermore, the PK parameters responsible for
optimal efficacy in neuropathy patients are not known and
there are only few data regarding optimal dosing regimens
[39].

SCIg administration to CIDP patients has been docu-
mented in only three case reports [40,41]. All three patients
were switched successfully from effective IVIg therapy to
SClIg, which was well tolerated and resulted in a stabilization
or even improvement of the disease course. SCIg use in
MMN has been reported in a small single-blind, cross-over
Danish study [42], which included 10 patients responsive to
IVIg and two case reports [40]. In the Danish study SCIg was
given two to three times per week, whereas IVIg was infused
once every 3-8 weeks, with the total monthly IgG dose being
the same for both administration routes. After three IVIg
treatments with mean intervals of 42 days, patients were
crossed-over to SCIg treatment. SCIg was not effective in one
patient who withdrew from the study, but efficacy was
equivalent to that of the previous IVIg treatment in the
remaining nine patients. Compared with IVIg, no end-of-
dose-interval weakening was observed. There was no differ-
ence in the evolution of muscle strength between the
administration routes, and patients did not experience an
improvement of their quality of life or show a preference
towards either administration route. In the two case reports,
patients were switched from IVIg to SCIg with high satisfac-
tion and tolerability [42].

A multi-centre study of SCIg use in MMN patients has
been completed recently. The study included eight MMN
patients who were previously on IVIg treatment with a stable
clinical course for at least 3 months. Patients were switched
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to SClg at the same total monthly IgG dose as when on IVIg
treatment. SCIg treatment duration was 25 weeks. End-
points considered included muscle strength, Guy’s Neuro-
logical Disability Scale, QoL and adverse events. While
efficacy results were similar to the Danish study, the results
regarding patient satisfaction with the s.c. administration
seemed to be far more promising, with all patients complet-
ing the study expressing their preference to stay on s.c. treat-
ment (unpublished data).

Opverall, SCIg appears to be an option for improving tol-
erability and patient comfort and reducing long-term costs
of high-dose immunoglobulin treatment in patients with
neurological disorders. However, it is important to demon-
strate that SCIg is as efficacious as IVIg for each indication in
long-term clinical studies.

Use of SClg in previously untreated PID patients

The overall efficacy of immunoglobulin replacement
therapy in PID patients with predominant antibody defi-
ciency is well established [43]. The usual approach is to start
with a loading dose of IVIg in newly diagnosed PID
patients. After normalization of serum IgG levels, IVIg
supplementation is continued at a specific dose at regular
intervals or it is possible to switch the patient from IVIg to
SClg. Follow-up studies have shown equal efficacy of the
SClIg treatment and equal or improved tolerability when
compared to IVIg treatment [9,10].

An alternative approach would be to begin treatment of
PID patients with SCIg. However, so far there have been only
few reports on the administration of SCIg in previously
untreated patients (PUPs). Gardulf [4] reported results with
weekly SCIg infusions of 100 mg/kg in previously untreated
adult patients suffering from common variable immunode-
ficiency (CVID) or X-linked agammaglobulinaemia (XLA).
This procedure increased the serum IgG concentration from
a mean of 107 mg/dl pre-infusion to 640 mg/dl after 6
months.

A recent open-label, multi-centre, single-arm, prospective
study investigated the use of SCIg in PUPs with XLA or
CVID. Each patient underwent a loading and training phase
in an out-patient setting at the hospital, receiving 100 mg/kg
Vivaglobin® on 5 consecutive days, followed by a mainte-
nance phase at home with a weekly infusion of 100 mg/kg
body weight Vivaglobin®. The primary efficacy end-point of
the study was the increase of the IgG trough level to
=500 mg/dl on day 12 and the proportion of patients
achieving IgG serum levels = 500 mg/dl on day 12. Second-
ary end-points included IgG increase (change from baseline)
on day 12, total serum IgG trough levels, health-related QoL,
overall rate of infections and the use of antibiotics for infec-
tion prophylaxis and treatment. The study protocol included
the possibility of increasing the dose at day 12 to either 150
or 200 mg/kg per week if the IgG trough level was below
500 mg/dl. Patients not achieving IgG trough levels of

500 mg/dl by day 26 were classified as non-responders and
were withdrawn from the study.

An interim analysis of this study of 18 patients showed
promising results, with patients generally achieving normal-
ized IgG trough levels and improved QoL. The mean serum
IgG level of all 18 untreated patients at screening was
356 mg/dl. The mean IgG levels on day 12 had increased to
well above 500 mg/dl. No dose adjustment was needed. One
can emphasize the positive training effect due to the close
patient follow-up (daily visits) in the first week of treatment,
which increases the safety for each patient. To our knowl-
edge, these are the first data from a tightly monitored study,
suggesting that SCIg may be used to initiate the treatment of
PID in children and adults and may increase the overall QoL
in this patient population.

SClg administration by rapid push

When IgG replacement is given s.c. to PID patients, admin-
istration occurs typically once a week using a programmable
infusion pump. Because mechanical devices such as infusion
pumps may be difficult for some patients to use, and the
costs of one or more pumps may add to the total cost of the
treatment regimen, simpler devices and/or direct manual
push from a syringe could potentially increase the accep-
tance of s.c. administration. At one clinic in the United
States, patients were given a choice between a frequent ‘rapid
push’ administration method without a pump and standard
weekly administration with a programmable pump. Results
on which method was preferred by patients were collected
and presented as a retrospective review.

Rapid push is a simple method using a syringe and a
23-25-gauge butterfly needle to push SCIg under the skin as
fast as the patient is comfortable with (usually 1-2 cc/min).
This push method generally takes between 5 and 20 min. The
time of administration may vary within the same patient for
consecutive administrations, depending upon the comfort
level. Using the rapid push method, 3-20 ml of SCIg
(Vivaglobin®, 16% solution) is administered typically into a
single site as often as every day. Some patients may, however,
prefer administration at two sites simultaneously, taking
their infusions less frequently, such as three times a week.

Patients who received at least one complete course of SCIg
therapy were included in the analysis. For the majority of
patients, data were collected for at least 2 years with four or
more Vvisits at intervals of 5-6 months. Patients were eligible
for analysis if they were naive to IVIg treatment or had
switched voluntarily from IVIg to SCIg. A switch between
the two administration methods was possible at all times.
Initially, both rapid push and pump administration of SCIg
was described and demonstrated, and the patients encour-
aged to indicate their preference. After being trained on the
chosen method in the clinic, each patient self-administered
SClg at home. Demographic information and data on dose,
infusion frequency, duration and volume, number of sites,
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Fig. 1. Mean serum immunoglobulin (Ig)G levels over time in
patients self-administering subcutaneous immunoglobulin (SCIg) by a
pump or the rapid push method. The graph represents data from
those patients who switched from IVIg to SCIg. Levels as expressed as
proportions of the baseline (i.e. start of study) through IgG levels
while on IVIg.

adverse events, serum IgG levels and previous IVIg regimen
were recorded on standardized case report forms.

Charts were reviewed from 104 patients [43% male, 57%
female; mean age 21-1 years (range 0-5-67-6)]. Seventy-four
patients (72%) initially chose the rapid push method. Rapid
push was chosen preferably by parents for use in infants
under the age of 2 years, who require only small volumes.
Rapid push was chosen less often for use in children 2-10
years of age, but was the preferred method in teenagers and
adults. The mean SCIg dose in these patients was 32-1
g/month (range 1-92-89-6) divided and administered an
average of 3-11 times per week, most frequently (88%) at one
site. More patients switched from the pump administration
to the push method (45%) compared with push to pump
(12%). Some of the patients (7%) who chose the pump
method initially used a combination of both methods.

Mean serum IgG levels did not differ significantly between
administration methods: pump 1153-1 mg/dl [*+240-8 mg/
dl, standard deviation (s.d.)]; rapid push 1225-8 mg/dl
(£299-8 mg/dl, s.d.) (Fig. 1). These IgG trough levels were
20-40% higher than those achieved by IVIg administration,
despite the fact that SCIg was administered at 100% or less of
the previous monthly IVIg dose. The most common adverse
event was local infusion-site reaction, occurring in one-third
of patients in each administration group. There was no dif-
ference in the rates of AEs between administration groups
(Table 1), and only two patients discontinued therapy due to
an AE.

These results suggest that rapid push is an effective admin-
istration method of SCIg delivery in PID patients and pre-
sents a valid alternative to pump administration. In this
study, this method was preferred by many of the patients
over the pump administration method.

Subcutaneous immunoglobulins (SClg)

SClg administration with recombinant human
hyaluronidase

As mentioned previously, a potential drawback of the SCIg
administration method is the limited fluid volume that can
be administered into a single site in a single infusion, with
the consequence that most patients use multiple sites and/or
frequent infusions. The reason for the limitation in infusion
volume lies in the architecture of the subcutaneous space,
which comprises a collagen matrix filled with hyaluronan, a
very high molecular weight gel-like co-polymer of glucu-
ronic acid and N-acetyl glucosamine. One approach to facili-
tating s.c. infusion is to modify the subcutaneous space
by using hyaluronidase [44,45]. Hyaluronidase cleaves the
hyaluronan in the subcutaneous tissue, facilitating disper-
sion of solutions and thereby enhancing the delivery of drugs
and fluids through the extracellular matrix and into the cir-
culation [45]. Sheep and bovine hyaluronidase preparations
have been used for decades to facilitate s.c. infusions of local
anaesthetics and fluids. Due to the animal origin of the
preparations and potential contamination with other pro-
teins, they are not suitable for chronic use in humans.
rHuPH20 is a recombinant human hyaluronidase,
expressed as a 61 kDa glycoprotein. In a study of 100 healthy
human volunteers who received rHuPH20 there were no
positive immediate hypersensitivity skin tests (data on
file, Halozyme Therapeutics, Inc., San Diego, CA, USA). Fol-
lowing subcutaneous injection of rHuPH20, the structure of
the gel-like hyaluronan is restored within 2448 h with no
discernable adverse effects [46] Animal and human studies
have shown that rHuPH?20 facilitates absorption and disper-
sion of fluids and small molecules [47]. Animal studies have

Table 1. Adverse events following subcutaneous immunoglobulin
(SClg) administration by pump or rapid push reported at three visits.

Visit number Rapid push Pump
Visit 1 n=72 n=29
Patients with = 1 adverse event 22 (31%) 9 (31%)
Local reaction 20 (28%) 8 (28%)
Headache 1 (1%) 0
Gastrointestinal (nausea, vomiting, 1 (1%) 0
diarrhoea)
Fever 1 (1%) 0
Rash 0 1 (3%)
Other 2 (3%) 0
Visit 2 n==68 n=23
Patients with = 1 adverse event 15 (22%) 5 (22%)
Local reaction 15 (22%) 4 (17%)
Headache 0 1 (4%)
Rash 0 1 (4%)
Other 0 1 (4%)
Visit 3 n=>53 n=21
Patients with = 1 adverse event 8 (15%) 3 (14%)
Local reaction 7 (13% 3 (14%)
Rash 0 1 (5%)
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shown improved bioavailability of pegylated interferon and
monoclonal IgG administered with rHuPH20 [46].

A pilot study was conducted in 11 PID patients to deter-
mine the amount of rHuPH20 required to enable s.c. infu-
sion of a monthly dose of a 10%IgG solution (10%Ig) at
a single site at rates equivalent to i.v. infusions. rHuPH20
was supplied as a 150 U/ml or 1500 U/ml hyaluronidase
solution. rHuPH20 was given s.c. using an infusion pump
similar to that used for IVIg administration, followed by
10%Ig through the same catheter. This initial dose-ranging
study showed that a minimum dose of 50 U rHuPH20/g
10%Ig was effective at allowing rapid infusion of several
hundred ml of 10%IgG, but 25 U/g was not. Doses of
rHuPH20 up to 300 U/g were studied, but conferred no
advantage in terms of tolerability over the 50 U/g dose.

The study also evaluated the effect of rHuPH20 on the
bioavailability of 10%]Ig given s.c. compared with i.v. Patients
were infused, at appropriate intervals, with varying amounts
of rHuPH?20, followed by 25%, 50%, 75% and 100% of the
their 4-week dose of 10%]Ig. Ten patients completed the
study. One patient withdrew from the study because of mod-
erate infusion site discomfort with the 1-week (25% of the
monthly dose) treatment.

PK analyses were performed using data from seven
patients. The mean AUC for rHuPH20-facilitated 10% Ig was
92% (range 75-8—102-7%) of the AUC with the same 10% IgG
preparation using the i.v. route. As with SCIg administration
without hyaluronidase, peak IgG levels are lower compared
with IVIg administration. However, unlike s.c. regimens
using weekly dosing, trough levels continue to drop by the
time the nextinfusion is due, as is seen with every three or four
week i.v. infusions. Examples of the IgG versus time profiles
from two patients are shown in Fig. 2. Fig. 2b compares the
AUCs achieved using 50 and 200 U/g rHuPH20, respectively,
in the same patient. As noted above, increasing the dose of
rHuPH20 beyond 50 U/g did not increase the bioavailability.

The 10 patients who were evaluable achieved monthly
doses of 25:5-61-2 g (255612 ml of 10%Ig) at a single site,
at rates of 120-300 ml/h. The maximum rate was deter-
mined by pump characteristics, not patient tolerability. The
mean duration of infusion was 2:9 h (£0-8 h), comparing
favourably to the infusion time for monthly i.v. treatment
and for weekly s.c. infusion at one or two sites. Eight of the
10 patients achieved the maximum tested rate of 300 ml/h. A
minimum of 50 U rHuPH20/g 10%]Ig was required to
achieve these rates. The 10 patients completing the study
experienced only mild local reactions, such as swelling and
redness. No drug-related allergic reactions occurred.

In conclusion, these results suggest that rHuPH20 enables
single-site s.c. administration of a monthly dose of 10% IgG
solution of more than 400 mg/kg with an infusion time com-
parable to that for i.v. infusions and may enhance the
bioavailability of SCIg. Experience with this hyaluronidase-
facilitated administration is, however, limited and studies on
long-term safety are required.

1gG (g/l)

Fig. 2. Serum immunoglobulin (Ig)G concentrations over time

following intravenous (i.v.) (---) or subcutaneous (s.c.) (—) infusion
of 10%Ig facilitated by rHuPH20. (a) Serum IgG concentrations in
one patient following s.c. infusion using rHuPH20 at a concentration
of 50 U/g 10%Ig. (b) Serum IgG concentrations in a second patient
following s.c. infusion using rHuPH20 at a concentration of either

50 U/g 10%Ig (left panel) or 200 U/g 10%Ig (right panel). Area under
the curve (AUC) was 75-83% and 77-83% of the AUC following i.v.
infusion of the same IgG quantity, respectively.

Pharmacokinetics, safety and efficacy of
s.c.-administered 20% IgG (IgPro20)

One approach to shorten the SCIg infusion time is to reduce
the amount of volume needed per infusion through the
development of more concentrated IgG solutions. IgPro20
was developed specifically for s.c. administration, and has an
IgG concentration of 20%. IgPro20 is stabilized with proline,
which allows for storage at room temperature. The higher
concentration results in a lower infusion volume and there-
fore a shorter infusion time and/or fewer sites per infusion.

Clinical development of IgPro20 included a phase I study
in healthy volunteers that investigated the local tolerability of
the s.c. administered product and the systemic tolerability of
a low dose for inadvertent i.v. administration (CSL Behring,
data on file). All participants completed the study and no
treatment-related adverse events occurred. Local infusion
reactions were common and consistent with the known
pattern of local reactions after s.c. infusion of 16% IgG
preparations. Most of the local reactions resolved within 3
days after the end of infusions and overall the infusions were
well tolerated, as assessed by the subject as well as the
investigator.

Phase III studies include two pivotal trials, one in the
United States and one in Europe. In the US study, 49 subjects
with PID on stable IVIg regimens were enrolled. A subgroup
of patients consented to detailed PK assessments; 18 patients
completed the PK substudy. Subjects began treatment with
SC IgPro20 1 week after their last i.v. infusion, at an initial
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dose equal to 130% of their previous i.v. dose, based on Food
and Drug Administration (FDA) requirements. After a
12-week wash-in/wash-out phase, the dose was adjusted
based on the results for the PK subset. Patients then entered
the 52-week efficacy phase (Fig. 3).

The preliminary results of this study show that IgPro20 is
safe, well tolerated and effective for use in antibody replace-
ment therapy for PID patients (unpublished data). The
availability of a 20% IgG preparation may facilitate the
attainment of sustained high IgG levels in patients with PID,
and may be preferable for studies of high-dose SCIg treat-
ment for neuromuscular and autoimmune diseases.

Summary

IgG administration by the s.c. route is becoming increasingly
popular. The potential benefits of s.c. self-administration at
home, such as increased QoL for the patients, appear to
outweigh the potential disadvantages for many patients. A
number of recent developments, such as the use of rapid
push methods, hyaluronidase-facilitated SCIg administra-
tion and/or the availability of highly concentrated IgG solu-
tions, may further improve and facilitate this administration
route. Results from new studies indicate that SCIg can be
used in previously untreated PID patients and in specific
disease areas requiring higher doses than PID, such as
peripheral neuropathies. As these developments translate
into clinical practice, more physicians and patients may
choose the s.c. administration route in the future.
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