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Abstract
Purpose  Hyaluronidase-facilitated subcutaneous immunoglobulin (fSCIG) 20% will allow reduced infusion volumes and 
frequency versus existing subcutaneous therapies such as fSCIG 10% and conventional subcutaneous immunoglobulin 20%, 
respectively. We assessed the tolerability, safety, and immunogenicity of warmed and unwarmed fSCIG 20%.
Methods  This phase 1, single-dose, open-label, three-arm study enrolled healthy adults aged 19–50 years (inclusive) at a 
single US center (NCT05059977). Post-screening, participants received a single fSCIG 20% dose comprising recombinant 
human hyaluronidase and varying doses of in-line warmed or unwarmed immunoglobulin G (IgG) during a 4-day treatment 
period in a sentinel and sequential dosing design (treatment arm 1, warmed IgG 20% 0.4 g/kg; treatment arm 2, warmed IgG 
20% 1.0 g/kg; treatment arm 3, unwarmed IgG 20% 1.0 g/kg). Participants were followed for 12 (± 1) weeks post-infusion. 
The primary endpoint was tolerability (“tolerable” infusions were not interrupted, stopped, or reduced in rate owing to fSCIG 
20%-related treatment-emergent adverse events (TEAEs)). Secondary endpoints included occurrence of TEAEs.
Results  Overall, 24 participants were included, 8 per treatment arm (mean age 39.0 years, 54.2% men). All participants toler-
ated the infusions. All TEAEs were mild (107 events, in all participants), and all participants experienced fSCIG 20%-related 
(105 events) and local (102 events) TEAEs. Infusion site erythema and infusion site swelling were most frequently reported. 
No serious TEAEs occurred, and no participants discontinued the study owing to TEAEs.
Conclusion  fSCIG 20% was well-tolerated with a favorable safety profile in healthy adults. Future studies will evaluate 
fSCIG 20% in primary immunodeficiency diseases.
Trial registration number (ClinicalTrials.gov): NCT05059977 (registered 28 September 2021).

Keywords  Hyaluronidase-facilitated subcutaneous immunoglobulin 20% · inborn errors of immunity · primary 
immunodeficiency disease · recombinant human hyaluronidase · safety · tolerability

Introduction

Immunoglobulin therapies are used to treat various medical 
conditions, including primary immunodeficiency diseases 
(PIDs) and autoimmune neuromuscular diseases such as 
chronic inflammatory demyelinating polyradiculoneuropathy 
or multifocal motor neuropathy [1, 2]. PIDs, also referred to 
as inborn errors of immunity, encompass a diverse group of 
conditions that affect the functioning of the immune system, 
with antibody deficiencies representing the most common 
type of PIDs [3–5]. PIDs may be treated using immuno-
globulin replacement therapy (IgRT), which includes sub-
cutaneous immunoglobulin (SCIG) and intravenous immu-
noglobulin (IVIG) treatments, and is used to reduce risk of 
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infection in patients with PIDs caused by impairments in 
antibody production [1–3, 6].

Compared with IVIG, SCIG is associated with fewer 
systemic adverse reactions and can be self-administered 
at home instead of at a clinic or hospital by a healthcare 
professional [1, 7, 8]. However, the volume of conventional 
SCIG treatment that can be infused subcutaneously is lim-
ited, which results in the need for more frequent infusions 
with SCIG than with IVIG [1, 7, 8]. The use of conventional 
SCIG also necessitates multiple infusion sites, which may 
deter some patients from receiving SCIG therapy. As an 
example, patient preference studies of IgRT in PIDs have 
demonstrated patient and caregiver preference for fewer nee-
dle sticks per treatment [1, 9, 10].

Various strategies have been adopted to mitigate the 
limitations associated with conventional SCIG treatment. 
Hyaluronidase-facilitated subcutaneous immunoglobulin 
10% (fSCIG 10%; HyQvia/HYQVIA; Baxalta US, Inc., a 
member of the Takeda group of companies, Lexington, MA, 
USA) is an infusion of human immunoglobulin G (IgG) 10% 
and recombinant human hyaluronidase (rHuPH20) [11, 12]. 
rHuPH20 acts to depolymerize hyaluronan in the extracel-
lular matrix, which transiently increases the permeability 
of subcutaneous tissue, allowing larger volumes of IgG 
(up to 600 mL) to be administered at a single infusion site 
[11–13]. Conventional SCIG 20% therapies are concentrated 
formulations that permit infusion of the same dose in smaller 
volumes than less-concentrated (e.g., 10% IgG) SCIG treat-
ments [1, 2, 14–18].

Given that many patients with PIDs require lifelong 
treatment, the development of new therapies that allow for 
greater treatment individualization and increased conveni-
ence is anticipated to offer meaningful patient benefit (such 
as through potentially decreased infusion times) and improve 
the overall patient treatment experience [13, 19]. Hyaluroni-
dase-facilitated subcutaneous immunoglobulin 20% (fSCIG 
20%, also known as TAK-881) is an infusion of IgG 20% 
and rHuPH20. The ratio of IgG to rHuPH20 is the same 
as for fSCIG 10%. By combining the potential benefits of 
fSCIG 10% and conventional SCIG 20%, fSCIG 20% will 
allow for smaller infusion volumes than fSCIG 10% and 
less frequent infusions than conventional SCIG 20% therapy 
to achieve the same target monthly immunoglobulin dose 
[20]. fSCIG 20% has previously been evaluated in a pre-
clinical study that confirmed the feasibility of administer-
ing in-line warmed fSCIG 20% to pigs at infusion rates of 
up to 450 mL/h [20]. Higher IgG concentrations have been 
associated with increased viscosity compared with less-
concentrated IgG therapies, resulting in increased in-line 
pressure, reduced infusion rates, and longer infusion times 
per month [20]. Given that warming IgG to 37 °C reduced its 
viscosity in the preclinical study of fSCIG 20% [20], assess-
ing the effect of in-line warming on IgG viscosity in humans 

versus unwarmed conditions would improve understanding 
of optimal infusion parameters.

This phase 1, open-label study investigated the tolerabil-
ity, safety, and immunogenicity of warmed and unwarmed 
fSCIG 20% at various infusion rates in healthy adults. The 
primary objective was to assess the tolerability of fSCIG 
20%; assessing the safety and immunogenicity of fSCIG 
20% were secondary objectives.

Methods

Study Design

This phase 1, single-dose, open-label, three-arm study was 
conducted at a single center in the USA between October 
12, 2021, and April 12, 2022 (NCT05059977). The study 
consisted of a screening period of up to 21 days before fSCIG 
20% dosing, a 4-day study treatment period, and a follow-up 
period of up to 12 (± 1) weeks after a single fSCIG 20% infu-
sion (Fig. 1a). The start of the screening period was defined 
as the date of informed consent to participate in the study.

Treatment and Dosing

After admission to the clinic on day − 1 of the study, par-
ticipants received a single dose of fSCIG 20% on day 1 of 
the study treatment period, comprising 80 U/g of rHuPH20 
and IgG 20%. Different doses of fSCIG 20% were admin-
istered in the different treatment arms: in treatment arm 1, 
IgG 20% was administered at a dose of 0.4 g/kg with in-line 
warming; in treatment arm 2, IgG 20% was administered at a 
dose of 1.0 g/kg with in-line warming; and in treatment arm 
3, IgG 20% was administered at a dose of 1.0 g/kg with no 
warming. In all participants, fSCIG 20% was administered 
using a gradual ramp-up of infusion rates at 10-min inter-
vals. The doses selected aimed to cover the potential dose 
range for multiple indications for fSCIG 20%. The lower 
dose of 0.4 g/kg was a representative dose for PIDs, and the 
higher dose of 1.0 g/kg was representative of dosing levels 
required for autoimmune neuromuscular diseases (such as 
chronic inflammatory demyelinating polyradiculoneuropathy 
or multifocal motor neuropathy, for the treatment of which a 
fSCIG 10% therapy is under investigation) [21, 22].

A sequential and sentinel dosing design was used as a 
precaution to ensure optimal tolerability and safety (Fig. 1b). 
Treatment arms 1, 2, and 3 were dosed consecutively, so that 
patients receiving in-line warmed IgG 20% at 0.4 g/kg were 
dosed first, followed by patients receiving in-line warmed 
IgG 20% at 1.0 g/kg doses. Patients receiving unwarmed 
IgG 20% at 1.0 g/kg doses were dosed last. In each treatment 
arm, participants were divided into four subgroups of one, 
one, two, and four individuals, respectively; the subgroups 
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were dosed sequentially at least 3 days apart to allow for 
tolerability and safety evaluations prior to initiating dosing 
of the next subgroup.

Participant Population

Eligible participants were healthy individuals who fulfilled 
the following key inclusion criteria: (1) willing to fully com-
ply with the study and able to provide voluntary, informed, 
written consent to participate; (2) adults aged 19–50 years 
(inclusive) at the time of informed consent; (3) male, or non-
pregnant, non-breastfeeding female of child-bearing potential 
who agreed to comply with the contraceptive requirements of 
the protocol or female of non-child-bearing potential; (4) con-
sidered healthy by the investigator after finding no evidence 

of active or chronic disease following a detailed medical and 
surgical history and a complete physical examination includ-
ing vital signs, 12-lead electrocardiogram (ECG), blood 
hematology, blood chemistry, and urinalysis; and (5) had a 
body mass index (BMI) of 18.0–30.0 kg/m2. Exclusion crite-
ria included known or suspected intolerance or hypersensitiv-
ity to fSCIG 20%, closely related compounds or any of the 
stated ingredients, known history of hypersensitivity or severe 
allergic reaction to blood or blood products, and participation 
in another clinical study involving immunoglobulin products 
within 12 months of screening. During the study, the only 
concomitant medications permitted were hormonal contracep-
tives for female participants of child-bearing potential, hor-
mone replacement therapy, and over-the-counter medications 
(if needed and at the discretion of the investigator).

Fig. 1   Overall study design a and sentinel dosing design b. Abbreviations: EOS, end of study; ET, early termination; fSCIG 20%, hyaluronidase-facilitated 
immunoglobulin 20%; IgG, immunoglobulin G; P, participant; rHuPH20, recombinant human hyaluronidase; TEAE, treatment-emergent adverse event
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Administration of Study Infusions

fSCIG 20% was administered at up to two infusion sites 
sequentially either in the abdomen (middle to upper) or the 
thigh (left or right), using the same 24-gauge subcutane-
ous needle set (BD Saf-T-Intima™ Safety System [Bec-
ton, Dickinson and Company, Franklin Lakes, NJ, USA]) 
for both rHuPH20 and IgG 20% using a peristaltic pump 
(CURLIN 6000 Ambulatory Infusion Pump (Moog Medi-
cal, Salt Lake City, UT, USA)). rHuPH20 was adminis-
tered first via a peristaltic pump at a rate of 120 mL/h/
site and at infusion volumes of up to 30 mL/site. Start-
ing within 10 min of completion of rHuPH20 infusion, 
IgG 20% was administered at infusion volumes of up to 
300 mL/site. A maximum infusion rate of 300 mL/h was 
selected to allow comparison with fSCIG 10%, as well 
as comparison of this infusion rate between warmed and 
unwarmed fSCIG 20%. IgG 20% infusion required one or 
two infusion sites; if two infusion sites were needed, the 
maximum possible volume was administered at the first 
infusion site, with the remainder of the total dose subse-
quently administered into a second site. A flushing step of 
normal saline was used at the end of IgG 20% infusion to 
ensure the total dose was administered.

The infusion rate schedule is shown in Table 1. If an 
infusion rate was reduced or interrupted owing to intoler-
ability, it was reduced to the maximum tolerable rate. In 
treatment arms 1 and 2, a commercially available in-line 
warming device was used to warm the infusion tubing used 
to administer IgG 20%.

Assessments and Study Outcome Measures

Baseline for each assessment was defined as the last avail-
able value from screening to day − 1 (fSCIG 20% admin-
istration was on day 1).

Participant Demographics and Clinical Characteristics

During screening, participant demographics, medical his-
tory, and height and weight (for BMI calculation) were 
collected. Participant medical histories were also collected 
at day −1 and day 1, and weight was also collected at day 
−1 (for dose calculation). Details of prior and concomitant 
medications were collected before and throughout the study, 
respectively.

Tolerability Outcomes

The primary endpoint was the occurrence of tolerability 
events related to fSCIG 20% per infusion site. A tolerability 
event was considered to have occurred if the infusion was 
not interrupted or stopped, and the rate was not reduced 
owing to any fSCIG 20%-related treatment-emergent adverse 
event (TEAE).

Safety and Immunogenicity Outcomes

Secondary endpoints were the occurrence of TEAEs, clini-
cal laboratory parameters, vital signs, and immunogenic-
ity. TEAEs were defined as any event emerging at or after 
initiation of fSCIG 20% treatment or any existing event that 
worsened in intensity or frequency following fSCIG 20% 
exposure. TEAEs were defined as temporally associated 
with fSCIG 20% if they occurred within 72 h of completing 
fSCIG 20% infusion; the investigator determined whether 
TEAEs were local, systemic, or related to fSCIG 20%. 
The Common Terminology Criteria for Adverse Events 
(CTCAE; US Department of Health and Human Services, 
Washington, DC, USA) [23] was used to assess the sever-
ity of adverse events, with grade 1 representing a mild 
TEAE and grade 5 signifying death related to a TEAE. The 
Medical Dictionary for Regulatory Activities version 24.1 
(MedDRA; Herndon, VA, USA) [24] was used to organize 

Table 1   Infusion rate schedule 
per protocol for all treatment 
arms

One pump was used sequentially for infusion sites 1 and 2
a Participants in treatment arm 1 used only one infusion site. bThe volume infused depended on the dose 
prescribed, as determined by the body weight of the participant. cExcluding the volume of rHuPH20 deliv-
ered first
Abbreviations: IgG, immunoglobulin G; N/A, not applicable; rHuPH20, recombinant human hyaluronidase

Administration Rate per 
infusion site, 
mL/h

Volume 
delivered, 
mL

Accumulative 
volume for site 
1,a mL

Accumulative 
volume for site 
2, mL

rHuPH20 To be infused first 120 N/Ab N/Ab N/Ab

IgG 20% First 10 min 30 5 5 5
Next 10 min 60 10 15 15
Next 10 min 120 20 35 35
Next 10 min 180 30 65 65
Remainder of infusion 300 N/Ab N/Ab (up to 300c) N/Ab (remainder)
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TEAEs into system organ class and preferred term catego-
ries. Allergy, catheter leakage, and thromboembolic events 
were considered as adverse events of special interest.

Clinically significant treatment-emergent changes in clini-
cal laboratory measures and vital signs were also recorded as 
TEAEs. Blood samples for hemolytic panel were collected 
at day −1 and on day 4; blood samples for hemoglobin were 
collected during screening and on day −1 and day 3. Blood 
samples for serum chemistry, hematology, and urine sam-
ples for urinalysis were collected during screening and on 
day −1 and day 30 (± 3 days). Vital signs were assessed 
during screening and on day −1, day 1, day 4, and day 30 
(± 3 days), and at the end of the study; 12-lead ECG was 
also performed during screening and on day 1 within 1 h of 
fSCIG 20% dosing.

Immunogenicity was determined by the occurrence of 
binding and neutralizing antibodies to rHuPH20. Blood sam-
ples for binding anti-rHuPH20 antibodies were collected on 
day −1 and day 30 (± 3 days) post-dose, and at the end of 
the study; post-dose samples with anti-rHuPH20 antibody 
titers ≥ 1:160 were analyzed for the presence of neutralizing 
antibodies.

There were also subcutaneous administration endpoints 
that represented supportive tolerability and safety meas-
ures and consisted of the maximum tolerable infusion rate 
achieved, total volume infused, and infusion duration (all 
per infusion site).

Statistical Analysis

All statistical analyses were descriptive; no statistical 
hypothesis was tested. The planned total sample size for 
this study was 24 participants (8 per treatment arm), with a 
minimum of 18 individuals expected to complete the study. 
This sample size was considered adequate for assessing the 
tolerability and safety of fSCIG 20% based on clinical judg-
ment. Statistical Analysis Software (SAS; SAS Institute, 
Cary, NC, USA) version 9.4 or higher was used to conduct 
all statistical analyses.

Results

Participant Disposition and Baseline Demographics

In total, 24 participants were enrolled in the study, eight in 
each treatment arm. Twenty-three participants (95.8%) com-
pleted the study; one participant received the planned fSCIG 
20% dose but discontinued during the follow-up period 
owing to a family emergency. Overall, the mean (standard 
deviation (SD)) age of participants was 39.0 (7.3) years 
(Table 2). Most participants were White (23 participants 
(95.8%)), and 13 individuals (54.2%) were male. Mean (SD) 

BMI was 24.9 (3.3) kg/m2. Baseline demographic character-
istics were broadly similar between treatment arms, except 
for the proportions of male and female participants. No 
participants received prior medications; four participants 
(16.7%) received concomitant medications of contracep-
tives, iron, or acetaminophen/paracetamol, which were not 
expected to affect endpoint assessments.

Tolerability

Infusions into the first infusion site (mean total IgG 20% 
volume, 141.3, 291.3, and 293.8 mL in treatment arms 1, 
2, and 3, respectively) were tolerable in all participants (n 
= 24). For participants requiring a second infusion site (n 
= 0, 4, and 7 participants in treatment arms 1, 2, and 3, 
respectively), all infusions into the second infusion site were 
also tolerated by all participants (n = 11; mean total IgG 
20% volume, 97.5 and 70.0 mL in treatment arms 2 and 3, 
respectively). An infusion was interrupted in one participant 
in treatment arm 3 owing to a mechanical issue (kinking of 
catheter tubing), which led to a high-pressure in-line cath-
eter that triggered a pump alarm. The catheter was reposi-
tioned, the pressure returned to normal, and the infusion was 
restarted at 30 mL/h. The interruption was neither TEAE- 
nor tolerability-related.

Safety

Adverse Events

In total, 107 TEAEs were reported in 24 participants 
(100.0%), all of which were temporally associated with 
fSCIG 20% infusion (Table 3). Of these, 105 (occurring in 
24 participants (100.0%)) were considered related to fSCIG 
20%. There were 102 local TEAEs reported in 24 partici-
pants (100.0%) and 5 systemic TEAEs occurring in 4 par-
ticipants (16.7%). All TEAEs were deemed to be mild in 
severity and were recovered/resolved by the end of the study. 
The duration of TEAEs ranged from 0.17 h to 8 days. One 
participant in treatment arm 1 had a TEAE of special inter-
est (catheter leakage post-infusion). There were no deaths, 
severe, or serious adverse events reported, and no participant 
discontinued the study owing to TEAEs. The occurrence 
of TEAEs was broadly similar between BMI 18–< 25 and 
25–30 kg/m2 groups (Supplemental Table 1)

In treatment arm 1, there were 27 TEAEs in 8 participants 
(100.0%), of which 25 TEAEs were considered related to 
fSCIG 20%. In treatment arms 2 and 3, there were 34 TEAEs 
in 8 participants (100.0%), and 46 TEAEs in 8 participants 
(100.0%), respectively, all of which were considered related 
to fSCIG 20%. Most TEAEs were infusion site-related (102 
TEAEs reported in 24 participants (100.0%); Table  4). 
The most frequent TEAEs reported in more than 50% of 
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participants were infusion site erythema (37 TEAEs in 24 
participants (100.0%)), infusion site swelling (34 TEAEs in 
23 participants (95.8%)), infusion site pruritis (17 TEAEs in 
13 participants (54.2%)), and infusion site pain (13 TEAEs 
in 13 participants (54.2%)). TEAEs by treatment arm are 
shown in Fig. 2 and infusion site reactions in Fig. 3.

Clinical Laboratory Parameters and Vital Signs

In general, there were no clinically meaningful changes from 
baseline or apparent differences between treatment arms in 
clinical laboratory parameters or vital signs. No participants 
had a clinically significant abnormal ECG result. No changes 
in clinical laboratory parameters, vital signs, or ECG results 
were reported as TEAEs.

Immunogenicity

All participants tested negative for binding anti-rHuPH20 
antibodies (titer < 1:160). Testing for neutralizing anti-
rHuPH20 antibodies was therefore not performed.

Supportive Tolerability and Safety Measures

In all participants, the maximum tolerable infusion rate for infu-
sion site 1 was 300 mL/h/site (Table 5). The mean total IgG 20% 
volume infused into infusion site 1 was 141.3, 291.3, and 293.8 
mL in treatment arms 1, 2, and 3, respectively. For infusion sites 
1 and 2 combined, total volume infused and infusion duration 
varied between treatment arms, in line with the associated dif-
ference in fSCIG 20% dose. The mean total IgG 20% volume 
infused was 141.3, 340.0, and 355.0 mL in treatment arms 1, 
2, and 3, respectively. The mean infusion duration was 65.0, 
124.9, and 139.3 min, for treatment arms 1, 2, and 3, respec-
tively. Actual total IgG 20% dose, total IgG 20%, and rHuPH20 
volumes and total infusion durations were greater in the 18–24 
than the 25–30 kg/m2 BMI group (Supplemental Table 2).

Discussion

This phase 1, open-label study assessed the tolerability and 
safety profile of fSCIG 20%, which combines the benefits 
of both IVIG and SCIG therapies while offering smaller 

Table 2   Baseline participant characteristics

a Age at the date of informed consent signature. bBMI was calculated as weight (kg) ÷ height2 (m2) using height and weight values from the 
screening visit
Abbreviations: BMI, body mass index; fSCIG 20%, hyaluronidase-facilitated subcutaneous immunoglobulin 20%; IgG, immunoglobulin G; SD, 
standard deviation

Parameter Treatment arm 1 
fSCIG 20% with warmed 
0.4 g/kg IgG 20%
(n = 8)

Treatment arm 2 
fSCIG 20% with warmed 
1.0 g/kg IgG 20%
(n = 8)

Treatment arm 3 
fSCIG 20% with unwarmed 
1.0 g/kg IgG 20%
(n = 8)

All participants
(N = 24)

Age,a years
  Mean (SD) 42.6 (4.6) 39.4 (4.1) 34.9 (10.1) 39.0 (7.3)
  Median (range) 43.0 (36.0–49.0) 39.5 (33.0–46.0) 33.5 (23.0–49.0) 40.5 (23.0–49.0)

Sex, n (%)
  Male 3 (37.5) 6 (75.0) 4 (50.0) 13 (54.2)
  Female 5 (62.5) 2 (25.0) 4 (50.0) 11 (45.8)

Ethnicity, n (%)
  Hispanic or Latino 8 (100.0) 7 (87.5) 8 (100.0) 23 (95.8)
  Not Hispanic or Latino 0 (0.0) 1 (12.5) 0 (0.0) 1 (4.2)

Race, n (%)
  White 8 (100.0) 7 (87.5) 8 (100.0) 23 (95.8)
  Black or African American 0 (0.0) 1 (12.5) 0 (0.0) 1 (4.2)

Weight, kg
  Mean (SD) 70.9 (6.8) 68.1 (14.2) 70.9 (14.3) 70.0 (11.8)
  Median (range) 70.2 (61.7–81.0) 64.1 (52.4–92.0) 66.9 (49.6–91.3) 69.1 (49.6–92.0)

BMIb, kg/m2

  Mean (SD) 25.9 (2.4) 23.3 (4.0) 25.6 (3.3) 24.9 (3.3)
  Median (range) 25.8 (21.9–30.00) 22.4 (19.0–30.0) 25.3 (21.7–29.2) 25.0 (19.0–30.0)
  BMI 18– < 25 kg/m2, n 3 5 4 12
  BMI 25–30 kg/m2, n 5 3 4 12
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Table 3   Overview of TEAEs

A TEAE was defined as any adverse event that started at or after initiation of fSCIG 20% treatment
a The TEAE of special interest was catheter leakage
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; fSCIG 20%, hyaluronidase-facilitated subcutaneous immunoglobulin 
20%; IgG, immunoglobulin G; TEAE, treatment-emergent adverse event

Parameter Treatment arm 1 
fSCIG 20% with 
warmed 0.4 g/kg IgG 
20%
(n = 8)

Treatment arm 2 
fSCIG 20% with 
warmed 1.0 g/kg IgG 
20%
(n = 8)

Treatment arm 3 
fSCIG 20% with 
unwarmed 1.0 g/kg IgG 
20%
(n = 8)

All participants
(N = 24)

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Any TEAE 8 (100.0) 27 8 (100.0) 34 8 (100.0) 46 24 (100.0) 107
TEAEs related to fSCIG 20% 8 (100.0) 25 8 (100.0) 34 8 (100.0) 46 24 (100.0) 105
Temporally associated TEAEs (within 

72 h of the infusion)
8 (100.0) 27 8 (100.0) 34 8 (100.0) 46 24 (100.0) 107

Serious TEAEs 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0
TEAEs leading to study discontinua-

tion
0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

Local TEAEs 8 (100.0) 24 8 (100.0) 34 8 (100.0) 44 24 (100.0) 102
Systemic TEAEs 2 (25.0) 3 0 (0.0) 0 2 (25.0) 2 4 (16.7) 5
CTCAE grade 1 TEAEs 8 (100.0) 27 8 (100.0) 34 8 (100.0) 46 24 (100.0) 107
TEAEs of special interest 1 (12.5) 1a 0 (0.0) 0 0 (0.0) 0 1 (4.2) 1

Table 4   Summary of TEAEs by system organ class and preferred term

A TEAE was defined as any adverse event that started at or after initiation of fSCIG 20% treatment. MedDRA version 24.1 was used to organize 
adverse events into system organ class and preferred term
Abbreviations: fSCIG 20%, hyaluronidase-facilitated subcutaneous immunoglobulin 20%; IgG, immunoglobulin G; MedDRA, Medical Dictionary 
for Regulatory Activities; TEAE, treatment-emergent adverse event

System organ class
Preferred term

Treatment arm 1 
fSCIG 20% with warmed 
0.4 g/kg IgG 20%
(n = 8)

Treatment arm 2 
fSCIG 20% with warmed 
1.0 g/kg IgG 20%
(n = 8)

Treatment arm 3 
fSCIG 20% with 
unwarmed 1.0 g/kg IgG 
20%
(n = 8)

All participants
(n = 24)

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Number of 
participants 
(%)

Number 
of events

Gastrointestinal disorders 1 (12.5) 2 0 (0.0) 0 0 (0.0) 0 1 (4.2) 2
  Diarrhea 1 (12.5) 1 0 (0.0) 0 0 (0.0) 0 1 (4.2) 1
  Nausea 1 (12.5) 1 0 (0.0) 0 0 (0.0) 0 1 (4.2) 1

General disorders and admin-
istration site conditions

8 (100.0) 24 8 (100.0) 34 8 (100.0) 44 24 (100.0) 102

  Infusion site erythema 8 (100.0) 9 8 (100.0) 11 8 (100.0) 17 24 (100.0) 37
  Infusion site swelling 7 (87.5) 7 8 (100.0) 12 8 (100.0) 15 23 (95.8) 34
  Infusion site pruritus 3 (37.5) 3 5 (62.5) 6 5 (62.5) 8 13 (54.2) 17
  Infusion site pain 4 (50.0) 4 5 (62.5) 5 4 (50.0) 4 13 (54.2) 13
  Infusion site extravasation 1 (12.5) 1 0 (0.0) 0 0 (0.0) 0 1 (4.2) 1

Nervous system disorders 1 (12.5) 1 0 (0.0) 0 2 (25.0) 2 3 (12.5) 3
  Headache 1 (12.5) 1 0 (0.0) 0 1 (12.5) 1 2 (8.3) 2
  Dizziness 0 (0.0) 0 0 (0.0) 0 1 (12.5) 1 1 (4.2) 1
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infusion volumes for the same dose than less-concentrated 
treatments, less frequent infusions, and reduced infusion 
duration and needle sticks than with conventional SCIG. 
Infusions of warmed and unwarmed fSCIG 20% were well-
tolerated in all participants at rates of up to 300 mL/h/
site, with favorable safety profiles. These findings are 
of particular importance when considering the potential 

benefits to patients offered by fSCIG 20% in terms of 
increased convenience and reduced treatment burden and 
the potential opportunities for individualized treatment 
and improved patient convenience.

Assessing the safety, tolerability, and infusion param-
eters of immunoglobulin therapies under develop-
ment in healthy participants provides critical data when 
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Fig. 2   Number of participants who experienced local infusion site 
reactions a and number of local infusion site reactions reported b. 
Events were assessed per infusion site, and more than one of the same 

type of event may have occurred per infusion site on different days. 
Abbreviations: fSCIG 20%, hyaluronidase-facilitated subcutaneous 
immunoglobulin 20%; IgG, immunoglobulin G
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Infusion site: 2

Site location: LUQ

Total dose: 17 g

Total volume: 85 mL 

Body weight: 76.9 kg

BMI: 22.9 kg/m2

Patient 1
Pre-infusion

Patient 2
Pre-infusion

Infusion site: 2

Site location: RUQ

Total dose: 30 g

Total volume: 150 mL  

Body weight: 89.5 kg

BMI: 29.2 kg/m2

15 minutes post-infusion 24 ± 4 hours post-infusion

15 minutes post-infusion 24 ± 4 hours post-infusion

Patient 3
Pre-infusion

Patient 4
Pre-infusion

Infusion site: 1

Site location: RUQ

Total dose: 60 g

Total volume: 300 mL       

Body weight: 63.5 kg

BMI: 23.7 kg/m2

Patient 5
Pre-infusion

Infusion site: 2

Site location: RUQ

Total dose: 31 g

Total volume: 155  mL   

Body weight: 91.3 kg

BMI: 28.7 kg/m2

15 minutes post-infusion 24 ± 4 hours post-infusion

15 minutes post-infusion 24 ± 4 hours post-infusion

15 minutes post-infusion 24 ± 4 hours post-infusion

Infusion site: 2

Site location: LUQ

Total dose: 10 g

Total volume: 50 mL  

Body weight: 70.2 kg

BMI: 29.2 kg/m2

Fig. 3   Representative images of local infusion site reactions. Images are shown for participants in treatment arm 3. Details of dose and volume 
are per site. Abbreviations: BMI, body mass index; LUQ, left upper quadrant; RUQ, right upper quadrant
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determining an optimal administration strategy and in 
understanding their potential safety and tolerability in 
future studies in larger patient populations. The tolerabil-
ity of fSCIG 20% infusion seen in this analysis was favora-
ble, despite higher infusion rates and increased concentra-
tion when compared with conventional SCIG 20% [25–27] 
and fSCIG 10% [28], respectively. The maximum infusion 
rate of 300 mL/h/site observed is the same as the recom-
mended maximum infusion rate with fSCIG 10% [11, 29] 
and 5–12 times the maximum recommended infusion rate 
of conventional SCIG 20% therapies (25–60 mL/h/site) 
[14, 17, 18, 30]. These results indicate that fSCIG 20% 
may allow for shortened infusion times (mean total dura-
tion 124.9 and 139.3 min in warmed and unwarmed 1.0 
g/kg treatment arms, respectively) in patients requiring 
high-volume infusions.

All participants experienced TEAEs; nearly all TEAEs 
were related to fSCIG 20% infusions, and all were CTCAE 
grade 1, indicating that they were mild in severity. In keep-
ing with results from the current analysis, previous stud-
ies of fSCIG 10% and conventional SCIG 20% reported 
that TEAEs were most frequently mild in severity [25–27, 
29–33] with low rates of treatment-related serious adverse 
events (reported for < 1.0% of patients) [22, 25–27, 29–38]. 
One TEAE, a single event of catheter leakage, was of special 
interest as defined in the protocol; however, the leakage was 
small. All TEAEs were recovered or resolved by the end of 
the study.

Nearly all TEAEs were local infusion site reactions, and 
all participants experienced local infusion site reactions in 
this study, most frequently infusion site erythema and swell-
ing, which is consistent with administration of conventional 
SCIG. Local infusion site reactions most often reported by 
previous patient studies of fSCIG 10% and conventional 
SCIG 20% include infusion site erythema, pain, pruritis, 
swelling, inflammation, and discomfort [25–27, 30, 32, 34, 
38–41]. No participants tested positive for binding anti-
rHuPH20 antibodies after a single dose of fSCIG 20%.

Warming of IgG 20% may potentially reduce the viscos-
ity of concentrated IgG therapies and improve tolerability. 
In this study, all infusions were tolerated, and a maximum 
tolerable infusion rate of 300 mL/h/site was achieved in all 
treatment arms, with and without inline warming. Although 
the unwarmed arm at the 1 g/kg dose level appeared to be 
associated with a slightly greater number of TEAEs, all 
TEAEs were mild in severity. It should also be noted that 
seven of the eight patients required two infusion sites owing 
to dose. Based on the findings of this study, and considering 
the complexity and reduced patient convenience of using a 
warming device (important factors in patient preference for 
SCIG therapies [42]), administration of fSCIG 20% without 
in-line warming is the preferred option for future clinical 
development.

The strengths of this study include the application of 
the sequential and sentinel study design to ensure opti-
mal tolerability and safety assessment and comparison of 

Table 5   Summary of dosing 
and infusion parameters

a Data shown for infusion site 1. bCombined data for infusion sites 1 and 2. cA total of 0, 4, and 7 patients 
used a second infusion site in treatment arms 1, 2, and 3, respectively
Abbreviations: fSCIG 20%, hyaluronidase-facilitated immunoglobulin 20%; IgG, immunoglobulin G; N/A, 
not applicable; rHuPH20, recombinant human hyaluronidase; SD, standard deviation

Parameter, mean (SD) Treatment arm 1
fSCIG 20% with 
warmed 0.4 g/kg 
IgG 20%

Treatment arm 2
fSCIG 20% with 
warmed 1.0 g/kg 
IgG 20%

Treatment arm 3
fSCIG 20% 
with unwarmed 
1.0 g/kg IgG 
20%

n Value n Value n Value

IgG 20% maximum tolerable infusion rate,a number of participants (%)
  300 mL/h 8 8 (100.0) 8 8 (100.0) 8 8 (100.0)

Actual total IgG 20% dose,b mean (SD), g 8 28.3 (2.7) 8 68.0 (14.2) 8 71.0 (14.2)
Total IgG 20% volume infused,b mean (SD), mL 8 141.3 (13.3) 8 340.0 (71.0) 8 355.0 (71.1)
  Infusion site 1 8 141.3 (13.3) 8 291.3 (14.3) 8 293.8 (17.7)
  Infusion site 2c 0 N/A 4 97.5 (51.7) 7 70.0 (61.6)

Total rHuPH20 volume infused,b mean (SD), mL 8 14.3 (1.3) 8 34.3 (7.1) 8 35.8 (7.2)
  Infusion site 1 8 14.3 (1.3) 8 29.3 (1.4) 8 29.4 (1.8)
  Infusion site 2c 0 N/A 4 10.0 (5.2) 7 7.3 (6.2)

Total infusion duration,b mean (SD), minutes 8 65.0 (5.2) 8 124.9 (32.0) 8 139.3 (26.5)
  Infusion site 1 8 65.0 (5.2) 8 98.8 (3.5) 8 102.3 (5.9)
  Infusion site 2c 0 N/A 4 52.3 (14.4) 7 42.3 (20.3)
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warmed and unwarmed treatment. This study also included 
healthy participants, who are often included in studies of 
monoclonal antibodies [43–46], although their inclusion in 
studies of IgRT has been uncommon. The normal endog-
enous IgG levels in healthy participants limit the useful-
ness of pharmacokinetic evaluations, which are often 
endpoints in studies of IgRT. However, studies in healthy 
participants can be useful for the evaluation of tolerabil-
ity, safety, and infusion parameters with immunoglobulin 
therapies and allow for fast, convenient, and homogenous 
evaluation of IgRT.

This study was limited by a relatively small sample size 
and inclusion of only a small number of participants who 
received unwarmed fSCIG 20%. The study also included 
healthy participants who may have not received prior immu-
noglobulin therapy and received only a single dose of fSCIG 
20%; the frequency and characteristics of adverse events in 
these participants may, therefore, be different in some cases 
to those of patients who regularly receive IgRT. Nonetheless, 
results support further evaluation of fSCIG 20% in patients 
with PIDs. Further clinical development will aim to iden-
tify the optimal method of administration for fSCIG 20% 
that provides the best patient experience, reduces treatment 
burden, and shortens infusion times compared with exist-
ing IgRT, as well as allowing for individualized treatment 
regimens.

Conclusions

fSCIG 20%, both warmed and unwarmed, was well-tolerated 
and had a favorable safety profile at doses of up to 1 g/kg/
infusion and infusion rates of up to 300 mL/h/site. There 
were no substantial differences between treatment arms in 
tolerability, TEAEs, or immunogenicity, suggesting minimal 
impact of in-line warming of IgG 20% on the tolerability and 
safety profile of fSCIG 20%. The pharmacokinetics, safety, 
tolerability, and immunogenicity of unwarmed fSCIG 20% 
will be further investigated in patients with PIDs.
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tary material available at https://​doi.​org/​10.​1007/​s10875-​023-​01632-2.
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