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INTRODUCTION 

 
 XEMBIFY, immune globulin subcutaneous (human), 20%, is a ready-to-use sterile, non-
pyrogenic solution of human immune globulin protein for subcutaneous administration. 
XEMBIFY consists of 18%-22% protein in 0.16-0.26 M glycine and 10 to 40 mcg/mL 
polysorbate 80.  
 XEMBIFY is made from large pools of human plasma by a combination of cold ethanol 
fractionation, caprylate precipitation and filtration, and anion-exchange chromatography. 
Isotonicity is achieved by the addition of glycine. XEMBIFY is incubated in the final container 
(at the low pH of 4.1 to 4.8). In the manufacturing process of XEMBIFY, there were several steps 
taken for virus inactivation or removal. The main steps of the manufacturing process that 
contributed to the virus clearance capacity were as follows:  

• Caprylate precipitation/depth filtration 
• Caprylate incubation 
• Column chromatography 
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• Nanofiltration 
• Low pH final container incubation 

 
 To provide additional assurance of the pathogen safety of the final product, the capacity of 
the XEMBIFY manufacturing process to remove and/or inactivate viruses has been demonstrated 
by laboratory spiking studies on a scaled down process model using a wide range of viruses with 
diverse physicochemical properties. 
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RECOMMENDATION 

 
 From clinical pharmacology perspective, the study design, PK analysis, and results are 
acceptable.   
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Study Title: An Open-label, Multi-center Study to Evaluate the Safety and Pharmacokinetics of 
IGSC 20% Administered for 6 Months in Subjects with Primary Immunodeficiency (PI). 
 
 This was a prospective, multi-center, open-label, single-sequence, 6-month, pharmacokinetic 
(PK), safety, and tolerability study of IGSC 20% in subjects with PI (approximately 30 study 
centers). Approximately 50 subjects were planned to be enrolled in order to have approximately 
30 adult subjects and 12 to 18 pediatric subjects (age 2 to 16 years). Pediatric enrollment was 
stratified by age category for each of the following age groups: 2 to 5 years, >5 to 12 years, and 
>12 to 16 years of age. 
 
The objectives of the study were as follows: 

• To determine a weekly subcutaneous (SC) dose of IGSC 20% that produced steady-state 
AUC of total IgG that was non-inferior to that of IV dose of IGIV-C 10% in subjects with 
Primary Immunodeficiency (PI). 

• To determine if IGSC 20% replacement therapy maintained mean steady-state trough 
total IgG levels that were comparable to the mean trough total IgG levels with the IGIV-
C 10% replacement therapy in PI subjects. 

• To evaluate the safety and tolerability of SC administered IGSC 20%. 
• Trough levels of IgG subclasses (IgG1, IgG2, IgG3, IgG4). 
• Antibody levels for Streptococcus pneumoniae (S. pneumoniae), Hemophilus influenzae 

(H. influenzae), and Clostridium tetani (C. tetani [tetanus]). 
 
 The selection of the dose for SC administration was based on the literature data of the 
absolute bioavailability of SC administered IgG and prior experience with other products 
(Gamunex-C, Hizentra, and Gammagard). Generally, the absolute bioavailability of SC 
administered IgG range from 1.37 to 1.53.  In this study, a dose adjustment factor of 1.37 was 
used for SC administration.   
 The study consisted of 2 phases: an IV phase followed by a SC phase. The PK study 
consisted of all subjects who received study medication and had sufficient and valid serum IgG 
concentration versus time data for either IV or SC phase.  The subjects were treated with IGIV-C 
10% and IGSC 20%. 
IGSC 20%: Grifols Immune Globulin Subcutaneous (Human), 20% Caprylate/Chromatography 
Purified (IGSC 20%) is a sterile liquid formulation of immunoglobulin that is purified from 
human plasma via a multi-step process. IGSC 20% vials were supplied in a 50 mL vial size or 
smaller containing a 20% solution of immunoglobulin (ie, a concentration of 20 g/100 mL) with a 
nominal 10 grams immunoglobulin per vial.   
IGIV-C 10%: IGIV-C 10% is a sterile liquid formulation of immunoglobulin that is purified 
from human plasma via a multi-step process. IGIV-C 10% is a licensed product. IGIV-C 10% 
vials were supplied in the vial sizes of 10, 25, 50, 100, and 200 mL.  
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 Blood samples for PK analysis (subjects >5 years of age) following IV administration were 
taken at the following time: prior to infusion (at time 0),  1 h after completion of infusion, 3 to 16 
hours post-infusion with a window of 2 hours around the 16-hour time point if required by site, 1 
day ± 2 h post-infusion, 2 days ± 2 h post-infusion, 3 days ± 4 h post-infusion, 5 days ± 4 h post-
infusion, 7 days ± 1 day post-infusion, 14 days ± 1 day post-infusion, 21 days ± 1 day post-
infusion (last sample for subjects on a 3-week dosing schedule) and 28 days ± 1 day post-infusion 
(only for subjects on a 4-week dosing schedule).   
 Blood samples for PK analysis (subjects ≤5 years of age) following IV administration were 
taken at the following time: prior to infusion (at time 0),  1 h after completion of infusion, 3 to 16 
hours post-infusion with a window of 2 hours around the 16-hour time point if required by site, 2 
days ± 2 h post-infusion, 7 days ± 1 day post-infusion, 14 days ± 1 day post-infusion, 21 days ± 1 
day post-infusion (last sample for subjects on a 3-week dosing schedule) and 28 days ± 1 day 
post-infusion (only for subjects on a 4-week dosing schedule).   
 Blood samples for PK analysis (subjects >5 years of age) following SC administration were 
taken at the following time: prior to the 13th SC infusion, 1 day ± 4 h post-infusion, 3 days ± 4 h 
post-infusion, 4 days ± 4 h post-infusion, 5 days ± 4 h post-infusion, 7 days ± 1day post-infusion. 
 Blood samples for PK analysis (subjects ≤5 years of age) following SC administration were 
taken at the following time: prior to the 13th SC infusion, 3 days ± 4 h post-infusion, 7 days ± 1 
day post-infusion.  
 
 The primary PK parameter evaluated was the steady-state AUC of total IgG over a regular 
dosing interval defined as follows: 
• AUC0- τ, SC, the AUC over a weekly dosing interval (τ) at an approximate steady-state 
condition following weekly SC infusion.  
• AUC0- τ, IV, the AUC over a regular dosing interval (τ) at an approximate steady-state 
condition following the regular IV infusion, either every 3 weeks or every 4 weeks. 
 
 The subjects received their IV dose ranging from 300-800 mg/kg. Because the dosing 
intervals were different between the IV and SC Phases, prior to the statistical comparison, the 
AUC(0-21) days or AUC(0-28) days from the IV Phase were adjusted to AUC(0-7) days as follows: 
AUC(0-7) days, IV = AUC(0-21) days, IV / 3, for subjects on an every-3-week IV dosing schedule 
AUC(0-7) days, IV = AUC(0-28) days, IV / 4, for subjects on an every-4-week IV dosing schedule 
 
 Non-inferiority of steady-state AUC of total IgG between the final SC dose of IGSC 20% and 
the IGIV-C 10% was tested based on 90% confidence interval.  The Test (SC Phase) was 
considered non-inferior to Reference (IV Phase) if the lower bound of the 90% CI for the 
geometric LSM ratio of AUC(0-7) days between the Test and Reference was above 0.80 (80%).  
The results of the study are summarized in Tables 1-3.  The concentration-time profile of total 
IgG is shown in Figure 1.  
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 The results of the study indicated that AUC(0-7) days was comparable between IV and Sc 
administration but the Cmax was about 35% lower following SC administration than IV (Table 1).  
The 90% confidence interval indicated that the AUC(0-7) days following SC administration was 
bioequivalent to the IgG following IV administration (Table 4).  Due to small sample size, the 
impact of age (children), sex, race, and ethnicity on the PK of IgG could not be evaluated (Tables 
2 & 3).   AUC and Cmax following IV and SC administration was higher (10-15%) in males than 
females (Table 3).  The higher AUC and Cmax values may not be of any clinical significance. 
   

Table 1: PK Parameters of Total IgG at Steady-State in IV and SC Phases 

 
 

Table 2: Steady-State AUC in IV and SC Phases as a function of age 
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Table 3:  PK Parameters of total IgG as a function of sex, race, and ethnicity 

 
 

Table 4: Statistical Analysis of Primary PK Endpoint of Steady State 
AUC0-7days (h*mg/dL) of Total IgG 
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Figure 1: Mean Steady-State Serum Total IgG Concentration vs. Time Following  
IV (Every 3 or 4 Weeks) and SC (Weekly) Administration  

 
 
 
Trough Serum Concentrations of Total IgG: 
 The mean serum trough concentration of total IgG measured in subjects at IV or SC phases 
are summarized in Table 5 and Figure 2. The average of the steady-state mean trough 
concentrations of total IgG for all subjects during the IV phase was approximately 957 mg/dL.  
 

Table 5: Trough Total IgG during IV and SC Phases 

 
 
 The mean serum trough concentrations of total IgG during the SC phase of the study were 
relatively constant across week #13 to week #21, with a mean value of 1245 mg/dL ranging from 



9 

 

1227 to 1264 mg/dL in all subjects at each visit.  Weekly SC administration of IGSC 20% 
resulted in relatively constant serum concentrations of total IgG that were 33% higher than the 
mean serum trough concentrations of total IgG following IV administration.  
 
 

Figure 2: Mean Trough Total IgG Concentrations (mg/dL) vs. Visit during 
the IV and SC Phases 

 
 
Source: Post-text Figure 14.2.4/2 
 
Trough Concentrations of IgG Subclasses in Serum: 
 The serum trough concentrations of IgG subclasses (IgG1, IgG2, IgG 3 and IgG4) were 
measured in both the IV and SC phases. The results for both study phases are summarized in 
Table 6.  After the subjects switched from the IV administration to SC administration, the levels 
of all subclasses (IgG1, IgG2, IgG 3 and IgG4) showed an increase at SC week 9 (the first 
measurement in the SC phase). The increases were maintained throughout the SC phase.  
Increases after switching from the IV infusion to the SC infusion in mean trough comparing IV#2 
to SC week #9 were 32% for IgG1, 35% for IgG2, 21% for IgG3, and 41% for IgG4. 

 
Serum Trough Levels of Antibodies for Streptococcus pneumoniae, Hemophilus influenzae, 
and Clostridium tetani: 
 Trough titers of antibodies against H. influenza, C. tetani, and 23 separate serotypes of S. 
pneumonia were also measured and compared across study phases. After the subjects switched 
from the IV administration of IGIV-C 10% to the SC administration of IGSC 20%, there was an 
increase in these specific antibody titers, which was maintained throughout the SC phase. 
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Table 6: Trough Concentrations of IgG Subclasses During IV and SC Phases 

 
 
Conclusions: The results of the study indicated that IGSC 20% (1.37 times IV dose) was 
bioequivalent to IGIV10%.   Under steady-state conditions, the mean trough concentration 
following weekly SC administration was 1245 mg/dL whereas, following IV administration, the 
mean trough concentration was 957 mg/dL.  The steady-state trough levels of IgG following SC 
infusions of IGSC 20% were 33% higher than those from IV infusion of IGIV-C 10%.  In 
addition, serum trough levels of the 4 IgG subclasses were constant across each study phase with 
increases similar in extent (range: 21-41%) to those for total IgG observed following the switch 
from IGIV-C 10% to SC administration of IGSC 20%.  Due to small sample size, the impact of 
age (children), sex, race, and ethnicity on the PK of IgG could not be evaluated.    


