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Summary

This open-label multi-centre study evaluated GammaplexVR 5%, a human

intravenous immunoglobulin (IVIG) 5% liquid, in 25 children and adolescent

patients (aged 3–16 years) with primary immunodeficiency diseases (PIDs).

Subjects received Gammaplex 5% (at doses of 300–800 mg/kg/infusion) for

12 months, with a 3-month follow-up. The primary efficacy end-point was the

incidence of serious acute bacterial infections (SABIs) during the 12-month

treatment period. Secondary objectives assessed safety and tolerability.

Nineteen males and six females were treated using the same infusion schedule

as their prior IVIG treatment (14 and 11 subjects on 21- and 28-day dosing

schedules, respectively). Two SABIs of pneumonia were reported, resulting in

an annual SABI event rate of 0�09 [upper one-sided 99% confidence interval

(CI) 5 0�36]. Twenty-one subjects (84%) experienced� 1 infection during

the study, with a median infective episode per subject/year of 3�08

(range 5 0–10�4). Sixteen subjects (64%) missed� 1 day of nursery or school

because of infection or other illness. All trough immunoglobulin G levels

exceeded 7�00 g/l after 15 weeks (mean 5 9�69 g/l; range 5 7�04–15�35 g/l).

Product-related adverse events occurred in 14 subjects (56%); none were

serious. Of 368 total infusions, 97 (26%) were associated temporally with an

adverse event (� 72 h after infusion), regardless of causality. Laboratory test

results and adverse-reaction data showed no evidence of product-related

haemolysis or thromboembolic events. These data demonstrate that

Gammaplex 5% is effective in preventing SABIs and well tolerated in children

and adolescents with PID.
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Introduction

Primary immunodeficiency diseases (PIDs) are a heteroge-

neous group of disorders characterized by an intrinsic defect

in the immune system. Many are characterized by hypogam-

maglobulinaemia and/or specific defective antibody produc-

tion and increased susceptibility to infection [1]. On

average, untreated patients with PID experience approx-

imately� 4 serious acute bacterial infections (SABIs) per

year [2], and the majority of primary immunodeficiencies

are undiagnosed or diagnosed only after the individual has

experienced recurrent infections [3]. A US survey of> 1300

patients with PID found that only 27% of patients were

diagnosed initially with PID by 6 years of age, and only 40%

of patients were diagnosed by 18 years of age; furthermore,

49% of patients reported permanent functional impairment

prior to diagnosis, and the number of permanent functional

impairments was correlated directly with length of delayed

diagnosis [4]. Therefore, early diagnosis and effective immu-

noglobulin G (IgG) treatment in children and adolescents is

particularly important to reduce the rate of infection and

prevent sequelae [1].

The standard of care for PID characterized by hypo-

gammaglobulinaemia is replacement therapy with intra-

venous or subcutaneous immunoglobulin (IVIG and

SCIG, respectively) [5], which decreases the frequency of

serious infections and hospitalizations and improves

quality of life among patients with PID [6,7]. Thus, IgG

treatment is given to patients with PID at regular
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intervals to restore serum IgG to normal levels and mini-

mize infections [3,5].

Gammaplex
VR

5% [intravenous immune globulin

(human) 5% liquid; Bio Products Laboratory Ltd, Elstree,

UK], a highly purified, unmodified human IgG product

manufactured using only plasma from healthy US donors,

is approved for the treatment of PID and idiopathic throm-

bocytopenic purpura (ITP) [8,9]. The manufacturing pro-

cess includes three distinct virus inactivation/reduction

steps (solvent/detergent, 20 nm virus filtration and termi-

nal low pH incubation).

Although IgG replacement therapy has been adminis-

tered to patients with PID for decades [5], published data

examining the efficacy and tolerability of IVIG in paediat-

ric PID subjects are limited. Most licensed IVIGs have

included a small number of children in their pivotal regula-

tory studies, but their results are rarely analysed separately

from the adult population [10]. The efficacy and safety of

Gammaplex 5% have been demonstrated previously in a

12-month, open-label, multi-centre, Phase 3 study of 50

patients with PID; however, only seven children or adoles-

cents (aged 9–17 years) were included in this study [11].

Here, we report the results of a prospective, non-

comparative, open-label clinical trial to evaluate the

efficacy, safety and tolerability of Gammaplex 5% in 25

paediatric subjects (aged 2–16 years) with PID.

Materials and methods

Study design

This was a multi-centre, open-label, non-randomized

Phase 4 study of Gammaplex 5%. Subjects were treated for

12 months, with follow-up visits conducted at 10–14 days

and 3 months after the last infusion. This non-comparative

study was designed in line with applicable regulatory

guidelines [2,12], and was approved by an institutional

review board/ethics committee at each of nine study

centres in the United States (seven), Chile (one) and Israel

(one). Informed consent was obtained from each subject’s

parent/guardian, and assent was obtained from each sub-

ject where appropriate.

Subject selection

Included subjects had PID and hypogammaglobulinaemia

and/or antibody deficiency, were aged 2–16 years inclusive,

and weighed� 10 kg. All subjects were required to be

receiving an IVIG treatment prior to study entry, with

doses required to be 300–800 mg/kg per infusion,

unchanged by 6 50% of the mean dose for� 3 months

prior to study entry, and administered every 21 or 28 days.

At study entry, trough serum IgG levels were required to

be� 6�00 g/l and to be� 3�00 g/l higher than pre-IVIG

therapy levels.

Subjects were excluded for the following reasons: they

were receiving long-term, high-dose steroids or immuno-

modulatory/immunosuppressive drugs; they had selective

IgA deficiency or a history of antibodies to IgA; they had

secondary immunodeficiency; or they had a history of

severe anaphylaxis to blood products, liver or renal disease,

or deep vein thrombosis or thrombotic complications of

IVIG therapy.

Treatment

Trough IgG levels were recorded before starting Gammaplex

5% and prior to most infusions during the study. Gamma-

plex 5% was administered intravenously at 300–800 mg/kg

per infusion every 21 or 28 days (6 4 days) following the

subject’s previous IVIG schedule. Subjects on the 21- and

28-day infusion schedules received up to 17 and 13 infu-

sions of Gammaplex 5%, respectively. Infusions began at

0�01 ml/kg/min (0�5 mg/kg/min) for the first 15 min.

If tolerated, the infusion rate was increased every 15 min

to 0�02 ml/kg/min (1�0 mg/kg/min), 0�04 ml/kg/min

(2�0 mg/kg/min), 0�06 ml/kg/min (3�0 mg/kg/min) and

0�08 ml/kg/min (4�0 mg/kg/min) thereafter. If an adverse

event (AE) of moderate or severe intensity occurred, the

infusion rate was reduced until symptoms subsided, then

resumed at a tolerable rate.

Efficacy, safety and pharmacokinetic (PK) outcomes

The primary outcome was the number of SABIs per subject

per year. SABIs were defined as bacterial pneumonia,

bacteraemia or sepsis, osteomyelitis/septic arthritis, visceral

abscess and bacterial meningitis [2]. Secondary outcomes

included days off from school/nursery, acute care visits or

hospitalizations, non-serious infections and antibiotic use.

Safety and tolerability were assessed using AEs, vital signs

and clinical laboratory tests.

PK parameters were also assessed. Trough levels of total

IgG and IgG subclasses (IgG1, IgG2, IgG3 and IgG4) were

determined at every infusion and at the first follow-up visit

using turbidimetry. Trough levels of IgG against specific

antigens (Cytomegalovirus, Haemophilus influenzae B and

Streptococcus pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F

and 23F) were determined at screening; before infusions 7,

8, 9, 10 and 12; and, for subjects on a 21-day schedule,

before infusions 14 and 16. H. influenzae B and S. pneumo-

niae antibodies were determined by enzyme immunoassays

and microsphere photometry, respectively. IgG half-life was

determined using a non-compartmental method

(WinNonlin
VR

; Pharsight Corporation, Mountain View, CA,

USA). Blood samples for PK assessments were obtained

between infusions seven and eight (28-day schedule) or

infusions nine and 10 (21-day schedule); sampling times

were immediately pre- and post-infusion, 1 and 24 h post-

infusion and 2, 4, 7, 14, 21 and 28 days post-infusion. If a

subject was on a 21-day schedule, the next infusion after

GammaplexVR 5% in children and adolescents with PID

VC 2016 British Society for Immunology, Clinical and Experimental Immunology, 184: 228–236 229



the PK sampling was delayed until the 28-day PK blood

sample had been obtained.

Diary cards

The subject or parent/guardian completed diary cards to

record the following outcomes: AEs, oral temperature, any

presumed infection, physician/emergency room (ER) visits,

school/nursery days missed because of infection or illness

and concomitant medication (including antibiotics).

Data analysis

To detect an annual SABI incidence of 0�5 per subject [2],

25 eligible subjects were planned for enrolment (with� 4

subjects aged 2–5 years,� 4 subjects aged 6–11 years

and� 8 subjects aged 12–16 years) to obtain 20 evaluable

children [12]. All analyses were conducted on the intent-

to-treat (ITT) population, defined as all enrolled subjects

who received� 1 infusion of Gammaplex 5%.

The SABI rate was calculated from the total number of

observed infections and the total number of subject years

on study. The SABI event rate and the upper bound of its

one-sided 99% confidence interval (CI) were estimated

using the exact method for a one-sample Poisson rate.

Secondary efficacy and safety end-points were summar-

ized descriptively and expressed per subject per year where

applicable. All AEs were coded using the Medical Diction-

ary for Regulatory Activities (MedDRA), version 8�1. An

adverse reaction (AR) was defined as a treatment-emergent

AE that began during an infusion or within 72 h after com-

pletion of an infusion, that was considered by investigators

to be possibly, probably or definitely related to study drug,

or for which the investigator’s causality assessment was

either missing or indeterminate. A one-sided 95% exact

confidence limit was computed for the proportion of sub-

jects experiencing� 1 temporally associated AR; if the

upper bound was< 40%, then the incidence of infusion-

related AEs associated with the study drug was considered

acceptable in accordance with regulatory guidelines [2].

PK parameters were calculated from both absolute and

baseline-adjusted serum total IgG values using a non-

compartmental method; baseline-adjusted profiles were

derived by subtracting the pre-dose serum concentration for

each individual from all post-dose measurements. Certain

PK parameters were only calculated if a terminal monoexpo-

nential decline could be identified unambiguously.

Results

Study subjects

Of the 25 subjects enrolled and included in the ITT popula-

tion (Fig. 1), 14 and 11 were on 21- and 28-day infusion

schedules, respectively. The majority of subjects (n 5 24;

96�0%) completed the study and returned for both

follow-up visits. One subject on a 21-day infusion schedule

withdrew consent and discontinued from the study

after the fourth infusion (88 days on treatment). The PK

analyses excluded two subjects due to study discontinua-

tion (n 5 1) and school commitments resulting in limited

PK samples (n 5 1).

Subject demographic and baseline characteristics are

summarized in Table 1. Three subjects were 2–5 years of

age, 12 subjects were 6–11 years of age and 10 subjects were

12–16 years of age. All subjects had received prior IVIG

therapy, 56�0% (n 5 14) had previously received a 10%

Enrolled
(N = 25)*

21-day infusion schedule
(n = 14)

28-day infusion schedule
(n = 11)

Completed study
(n = 13)†

Completed study
(n = 11) 

Fig. 1. Subject disposition. *All enrolled patients were included in

the intent-to-treat population. †One subject withdrew consent and

discontinued the study after four infusions (88 days on treatment).

Table 1. Subject demographic and baseline characteristics.

Variable Subjects (N 5 25)

Age (years)

Mean (s.d.) 10�4 (3�84)

Median (range) 11 (3–16)

Subjects in each age group, n (%)

2–5 years 3 (12�0)

6–11 years 12 (48�0)

12–16 years 10 (40�0)

Gender, n (%)

Male 19 (76�0)

Female 6 (24�0)

Diagnosis, n (%)

Common variable immunodeficiency 22 (88�0)

X-linked and autosomal forms of

agammaglobulinaemia

3 (12�0)

Subjects with infection(s) related to prior IVIG

therapy in past 6 months, n (%)

0 infections 7 (28�0)

1 infection 7 (28�0)

2 infections 5 (20�0)

3 infections 4 (16�0)

� 4 infections 2 (8�0)

Ongoing infections, n (%) 3 (12�0)

IVIG 5 intravenous immunoglobulin; s.d. 5 standard deviation.
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IVIG product, and 60�0% (n 5 15) had a documented AR

related to their prior IVIG therapy. Twenty-two subjects

(88�0%) had a diagnosis of common variable immunodefi-

ciency and three (12�0%) were diagnosed with X-linked

agammaglobulinaemia. Prior to study entry, 15 subjects

reported a medical history of chronic sinusitis and none

had a history of bronchiectasis; none of these cases were

reported as a SABI.

A total of 368 infusions of Gammaplex 5%, all within

the dose range of 300–800 mg/kg, were given to the 25

subjects. Deviations from the specified infusion rates,

including time between rate increments, occurred in 10

infusions in seven subjects. The mean dose per infusion for

those on the 21- and 28-day schedules was 545 mg/kg

(range 5 429–689 mg/kg) and 521 mg/kg (range 5

316–800 mg/kg), respectively. The mean infusion duration

across all subjects was 182 min (range 5 112–433 min),

with a median of 175 min.

Infections

Two SABIs of pneumonia were reported (Table 2), with

onset between the first infusion of Gammaplex 5% and the

first follow-up, leading to an annual SABI event rate of

0�09 (upper one-sided 99% CI 5 0�36). This SABI event

rate meets the criteria for efficacy established by regulatory

guidelines [2]. Two additional events of mild presumed

pneumonia were observed but were not considered to be

SABIs by the investigators. Each event was diagnosed by

the subject’s local physician upon physical examination but

without confirmation via X-ray or blood test. Neither event

resulted in hospitalization, nor did either meet any other

criteria for seriousness. Of the 21 subjects who experi-

enced� 1 presumed infection during the study (Table 2),

the infections recorded by 19 subjects (90�5%) did not

meet SABI criteria. These presumed infections involved

primarily the upper respiratory tract (e.g. sinusitis); no

subjects withdrew from the study due to an infection.

Antibiotics

Twenty-one subjects (84�0%) received a total of 79 courses

of therapeutic systemic antibiotics, and six subjects

(24�0%) received 11 courses for prophylaxis. The mean

[standard deviation (s.d.); range] number of days for which

subjects received systemic and therapeutic systemic antibi-

otic medications was 110�6 (s.d. 5 137�10; range 5 5–355)

days and 32�0 (s.d. 5 28�28; range 5 5–101) days, respec-

tively. Prior to entering the study, three subjects were on

prophylactic antibiotics, which continued for the duration

of the study.

Fever

Nine subjects (36�0%) recorded an AE of fever (> 388C); of

these, fevers in three subjects (12�0%) were judged by the

investigators to be related possibly to the study drug.

Visits to the physician and/or hospital ER and
hospitalization

Unscheduled physician and ER visits occurred at a mean

rate of 3�5 (median 5 3�1) and 0�5 (median 5 0) per sub-

ject per year, respectively (Table 3). The majority of

patients (88�0%) did not require hospitalization during the

study. For the three subjects admitted to the hospital (once

each), each hospital stay was� 4 days in length. One sub-

ject had five ER visits for the following reasons: lobar pneu-

monia (a SABI); left side pain; pain in the knees/feet and

dizziness; general malaise, increased cough and acute sinus-

itis; and shortness of breath and wheezing. Each of these

five events was moderate in intensity and was not consid-

ered related to the study drug.

Days off school or nursery

Sixteen subjects (64�0%) missed� 1 day from school or

nursery due to infection or other illness. Subjects missed a

mean of 4�2 (s.d. 5 8�28) days per year, with a median of

1�1 (range 5 0–32) days; most subjects (88�0%) missed< 7

days of school or nursery (Fig. 2).

Table 2. Infections during Gammaplex 5% therapy.

Variable Subjects (N 5 25)

Subjects with SABIs, n (%) 2 (8�0)

Subjects recording infection during

study, n (%)

21 (84�0)

Overall upper respiratory tract

infection

16 (64�0)

Sinus infection 10 (40�0)

Lower respiratory tract infection 7 (28�0)

Gastrointestinal infection 4 (16�0)

Urinary tract infection 1 (4�0)

Other infection* 8 (32�0)

Infectious episodes per subject per

year†

Mean (s.d.) 3�20 (2�7)

Median (range) 3�08 (0–10�4)

Number of infectious episodes per

subject per year, n (%)†

None 4 (16�0)

> 0 to< 3 7 (28�0)

3 to< 5 9 (36�0)

5 to< 10 4 (16�0)

�10 1 (4�0)

*Other infections (recorded for� 4 subjects each) included influ-

enza, otitis media, herpes simplex, tonsillar disorder, staphylococcal

infection and oral fungal infection.
†If the patient recorded a possible infection on his/her diary card

for any day, an infection was presumed whether or not it was con-

firmed by a health-care professional. Infections per subject per year

were calculated as number of infections 3 365/number of days in

study. SABI 5 serious acute bacterial infection; s.d. 5 standard

deviation.
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IgG concentrations

The geometric mean half-life for total IgG (based on abso-

lute IgG concentrations) was 35�2 days and was comparable

for the 21-day (geometric mean half-life, 33�2 days) and

28-day (geometric mean half-life, 38�8 days) infusion

schedules.

Mean trough IgG ranges were comparable for the 21-day

(9�87–10�83 g/l) and 28-day (8�22–8�82 g/l) dosing sched-

ules (Fig. 3). After the second infusion, individual trough

IgG levels for all subjects remained consistently above

7�00 g/l. While many subjects (n 5 18; 72�0%) had an IgG

trough level at some point during the study that was below

the mean pre-study value, no evidence of a systematic

decline in IgG values over time was observed during

Gammaplex 5% treatment. In addition, as the primary

end-point for SABI incidence was met, no evidence of

treatment failing to provide infection prophylaxis was

observed. Because pre-study IgG values were assessed by

different (local) laboratories, while IgG values during the

study were assessed by a central laboratory, any differences

in values could be artefactual.

Combining 21- and 28-day schedules, mean levels of

IgG1 (range 5 4�96–5�34 g/l), IgG2 (range 5 3�01–3�32 g/l),

IgG3 (range 5 0�42–0�50 g/l) and IgG4 (range 5

0�10–0�11 g/l) remained stable during Gammaplex 5%

therapy. Throughout the study, trough IgG levels to specific

antigens remained stable, with no increasing or decreasing

trends (Table 4).

Safety and tolerability

The total number of temporally associated AEs was 143 (a

rate of 0�39 AEs per infusion). Of 368 total infusions, 97

(26�4%) were associated with an AE up to 72 h after the

Table 3. Physician and hospital ER visits.

Variable Physician visit Hospital ER visit

Number of visits per year due to infection or other medical

problem*

Mean (s.d.) 3�5 (4�00) 0�5 (1�13)

Median (range) 3�1 (0–16) 0 (0–5)

Number of visits per year due to infection or other medical problem,

n (%)*

0 7 (28�0) 17 (68�0)

> 0 to< 7 14 (56�0) 8 (32�0)

7 to< 14 3 (12�0) 0

14 to< 21 1 (4�0) 0

� 21 0 0

*Calculated by the number of visits listed each week in diary

cards 3 365/number of days of diary data. ER 5 emergency room;

s.d. 5 standard deviation.

Fig. 2. Percentage of patients by number of days off from school/

nursery per subject per year due to infection or other illness

(N 5 25).
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Fig. 3. Mean immunoglobulin (Ig)G

trough (pre-dose) levels following

Gammaplex 5% infusion to infusion 12.

Because the last infusion for subjects on

the 28-day dosing schedule was infusion

12, data for infusions 13–17 (available

for the 21-day dosing schedule only) are

not shown. Threshold at 6�00 g/l

(minimum trough serum IgG level for

inclusion in study) is indicated by the

grey line. Screening (visit 1) blood

samples were not included, as not all

sampling was at trough (some were

taken mid-cycle). Patients on the 21-day

schedule had their 10th infusion delayed

to accommodate the 28-day blood

sampling, as illustrated by the consistent

dip in concentrations at infusion 10.
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infusion (regardless of causality). The upper 95% confi-

dence limit for this proportion was 0�304 (30�4%), which

meets the criteria for this safety end-point established by

regulatory guidelines [i.e. is lower than the target upper

95% confidence limit of 0�4 (40�0%)] [2]. Approximately

half (51�7%; 74 of 143) of the infusion-associated AEs were

not considered product-related by clinicians. The propor-

tion of infusions associated temporally with product-

related AEs was highest at infusions 1 (n 5 7; 28�0%), 2

(n 5 5; 20�0%) and 3 (n 5 6; 24�0%); thereafter, the pro-

portions decreased to 0% by infusion 17 (Fig. 4). AEs were

considered product-related in 14 of 25 subjects (56�0%); of

these subjects, two experienced AEs (headache, fatigue and

myalgia) that were considered definitely related to study

drug. No serious product-related AEs were observed, and

no subjects withdrew from treatment due to an AE. Labo-

ratory test results and AE data showed no evidence of

product-related haemolysis or thromboembolic events.

Table 5 summarizes ARs occurring in� 3 subjects.

Discussion

Consistent with previous results in a mixed adult and

paediatric population [11], this open-label, non-compara-

tive study showed that Gammaplex 5% is efficacious and

well tolerated in children and adolescent patients with PID.

The primary efficacy variable was the annual incidence of

SABIs. Of the 25 paediatric subjects, two developed a SABI,

resulting in an annual SABI event rate of 0�09 per subject

Table 4. Trough levels of IgG antibodies to specific antigens.

Visit (infusion)

Specific antigens 1 (screen) 14 (infusion 12) Follow-up 1

CMV IgG (AU/ml)

n 24 21 20

Mean (s.d.) 38�50 (9�757) 39�15 (14�093) 45�62 (22�761)

Median (range) 37�00 (19�0–58�0) 36�00 (20�0–83�9) 40�00 (30�0–126�6)

S. pneumoniae serotype 14 (mg/ml)

n 25 24 23

Mean (s.d.) 9�12 (5�284) 7�09 (4�865) 7�27 (3�805)

Median (range) 8�60 (0�5–21�4) 5�80 (2�0–24�4) 6�80 (2�4–21�1)

S. pneumoniae serotype 18C (mg/ml)

n 25 24 23

Mean (s.d.) 2�16 (1�668) 1�91 (1�691) 2�92 (4�327)

Median (range) 1�60 (0�2–7�4) 1�25 (0�4–6�7) 1�50 (0�4–21�4)

S. pneumoniae serotype 19F (mg/ml)

n 25 24 23

Mean (s.d.) 12�41 (14�228) 11�77 (13�940) 13�36 (12�797)

Median (range) 7�50 (0�4–53�1) 6�55 (1�3–60�5) 8�10 (1�7–49�4)

S. pneumoniae serotype 23F (mg/ml)

n 25 24 23

Mean (s.d.) 21�59 (13�198) 19�48 (11�951) 20�67 (9�370)

Median (range) 17�00 (5�3–46�5) 17�35 (4�0–52�3) 20�20 (5�3–41�9)

S. pneumoniae serotype 4 (mg/ml)

n 25 24 23

Mean (s.d.) 2�21 (1�987) 2�12 (2�455) 2�61 (2�723)

Median (range) 1�50 (0�4–10�0) 1�75 (0�4–12�9) 1�90 (0�5–11�2)

S. pneumoniae serotype 6B (mg/ml)

n 25 24 23

Mean (s.d.) 15�73 (20�814) 6�71 (4�537) 15�87 (42�143)

Median (range) 9�80 (1�8–105�5) 5�65 (2�1–23�2) 6�80 (2�8–208�4)

S. pneumoniae serotype 9V (mg/ml)

n 25 24 23

Mean (s.d.) 7�14 (5�739) 6�27 (4�084) 7�14 (3�722)

Median (range) 5�20 (1�3–28�0) 5�35 (1�2–20�1) 5�90 (1�6–18�3)

H. influenzae type b (mg/l)

n 25 23 23

Mean (s.d.) 3�59 (2�189) 3�41 (2�048) 3�77 (2�156)

Median (range) 3�02 (1�3–9�0) 2�81 (1�3–9�0) 2�96 (1�2–9�0)

H. influenzae 5 Haemophilus influenzae; IgG 5 immunoglobulin G; s.d. 5 standard deviation; S. pneumoniae 5 Streptococcus pneumoniae.
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(upper one-sided 99% CI 5 0�36). In patients receiving reg-

ular administration of IVIG, a SABI frequency of< 0�5 per

patient per year has been observed [2]. The SABI rate

reported in this study is consistent with that observed rate.

In addition, the SABI event rate observed here meets the

efficacy criteria established by regulatory guidelines (i.e. a

rate of< 1�0 per patient per year is ‘adequate to provide

substantial evidence of efficacy’ [2]).

While published data on the incidence of SABIs in young

children treated with IVIG are limited, these results are

broadly in agreement with those published for another IVIG

product in which a SABI event rate of 0�11 per subject per

year (upper one-sided 99% CI 5 0�37) was reported [10].

Additional analyses of SABI rates were performed by com-

bining data from the present study with data from a previous

study of Gammaplex 5% in 50 predominantly adult subjects

with PID [11]. As no SABIs were reported in the previous

study, the mean SABI event rate per subject per year for the

combined patient population (n 5 75) is 0�03 (upper one-

sided 99% CI 5 0�12). If the additional two events of mild

pneumonia in the present study were also included as SABIs

in the combined patient population, the mean event rate

would be 0�06 per subject per year (upper one-sided 99%

CI 5 0�17). This SABI event rate remains below regulatory

efficacy guidelines [2] and is similar to SABI event rates

reported for other IVIG products [13–15].

The present study also included several secondary effi-

cacy variables to support the conclusion that Gammaplex

5% is efficacious in a paediatric population. For example,

64% of subjects missed days at school or nursery, with a

mean of 4�2 days missed per subject per year, which is

lower than that reported for Gammaplex 5% in adults with

PID (8�73 days per subject per year) [11]. The annual rate

for physician visits is slightly lower in children and adoles-

cents compared with adults (3�5 and 5�6, respectively), as is

the annual rate of ER visits (0�3 and 0�4, respectively) [11].

The annual incidence of non-serious infections in children

is very similar to that reported in adults (3�20 versus 3�28,

respectively) [11] and is also comparable to the incidence

of non-serious infections described for other IVIG prod-

ucts [13,16,17].

Trough IgG levels exceeded 7�00 g/l for all subjects after

15 weeks of Gammaplex 5% treatment and remained fairly

stable over time. The median trough total IgG levels before

infusion (range 5 9�26–10�44 g/l; excluding infusion 1)
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Fig. 4. Percentage of infusions

associated temporally with

product-related adverse events

(AEs) to infusion 17. Bars are

labelled as % (n/N), where

N 5 the number of infusions

administered and n 5 the

number of administered

infusions that were associated

temporally with product-

related AEs.

Table 5. ARs occurring in� 3 subjects (N 5 25).

Preferred term

Subjects

(N 5 25) n (%)

Infusions

(n 5 368) n (%)

Headache 11 (44�0) 21 (5�7)

Sinusitis 6 (24�0) 8 (2�2)

Hypotension 4 (16�0) 10 (2�7)

Tachycardia 3 (12�0) 5 (1�4)

Pyrexia 3 (12�0) 4 (1�1)

Hypertension 3 (12�0) 4 (1�1)

Fatigue 3 (12�0) 4 (1�1)

Infusion-site reaction 3 (12�0) 4 (1�1)

Dry skin 3 (12�0) 3 (0�8)

Nasal congestion 3 (12�0) 3 (0�8)

Upper respiratory tract infection 3 (12�0) 3 (0�8)

Abdominal pain 3 (12�0) 2 (0�5)

An adverse reaction (AR) was defined as a treatment-emergent

adverse event that began during an infusion or within 72 h after

completion of an infusion, that was considered by investigators to be

possibly, probably or definitely related to study drug, or for which

the investigator’s causality assessment was either missing or

indeterminate.
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were within the range for subjects without PID and that

have been shown previously to confer good protection

against infection in adults with PID [17]. The mean abso-

lute IgG half-life following Gammaplex 5% infusion was

35�2 days, which is consistent with the half-life reported for

other IVIG preparations in adults with PID [3,18]. Also,

the IgG concentration versus time profiles in children and

adolescents were similar to those reported for Gammaplex

5% in adults [11], suggesting that 21- and 28-day

Gammaplex 5% dosing schedules are appropriate for

children, adolescents and adults with PID.

The safety of Gammaplex 5% in children and adoles-

cents was also comparable to that observed with

Gammaplex 5% in predominantly adult subjects with PID

[11], with the incidence of product-related AEs in each

study being 56 and 48%, respectively. Regulatory guidelines

specify a safety limit for the proportion of infusions with-

� 1 temporally associated AEs of an upper one-sided 95%

confidence limit of 0�40 (i.e. 40% of infusions) [2]. In this

study, the upper one-sided 95% confidence limit for infu-

sions with temporally associated AEs was 0�26 (26%).

Although the infection rate was an efficacy end-point in

this study, any infections reported at the time of infusions

were also reported as AEs. This conservative approach of

not excluding infections from the calculated incidence for

temporally associated AEs resulted in a rate that not only

remained below the specified regulatory limit of 40% [2]

but also compares well with that reported for Gammaplex

5% (24%) in a predominantly adult population [11].

Overall, compliance with the planned regimen of

Gammaplex 5% dose and incremental infusion rates

was favourable; all doses were within the planned range of

300–800 mg/kg, with a mean dose per infusion of 536 mg/kg.

The infusions were generally well tolerated, as none of the 25

subjects discontinued the study prematurely because of an AE,

no subjects were hospitalized because of AEs possibly related

to Gammaplex 5%, and no evidence of any thromboembolic

events was observed during the study.

In conclusion, the results of this study demonstrate that

Gammaplex 5% is effective in preventing SABIs in children

and adolescents with PID associated with significant

hypogammaglobulinaemia and/or antibody deficiency, both

21- and 28-day dosing schedules are appropriate in this pop-

ulation and that Gammaplex 5% is suitable for the manage-

ment of both paediatric and adult patients with PID.
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