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Table 1. Procoagulant activity in 9 lots of GC5107. 
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Figure 1. Western Blot analysis of coagulation factors (with SDS-PAGE loading 
control) show removal of FII, FVII, FIX and FX after cold ethanol fractionation.              
FXIa is removed only following  CEX chromatography.

Figure 2. Analysis of total FXI levels with the CEX chromatography step highlighted.    
 CEX chromatography reduced total FXI from ~160,000mg to < 68mg.

CEX: Cation exchange chromatography 
ELISA: Enzyme-linked immunosorbent assay IVIG: 
Intravenous immunoglobulin
NaPTT: Non-activated partial thromboplastin time 
NC: Not calculated
TEEs: Thromboembolic events
TGA: Thrombin generation assay
SD: Standard deviation

Procoagulant activity in intermediate and final purification products of the GC5107 
manufacturing process was assessed using:
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2 <1.56 <0.16 282.6 1.1 268.8 1.1

3 <1.56 <0.16 268.1 1.0 275.6 1.1

4 <1.56 <0.16 299.4 1.0 291.9 1.0

5 <1.56 <0.16 302.4 1.0 304.8 1.0

6 <1.56 <0.16 300.8 1.0 296.6 1.0

7 <1.56 <0.16 265.9 1.1 265.9 1.1

8 <1.56 <0.16 256.8 1.1 259.6 1.0
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Mean ± SD <1.56 <0.16 279.4 ± 17.5 1.0 ± 0.1 277.3 ± 16.2 1.0 ± 0.1
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Table 2. Results of spiking study in which starting samples were spiked with FXIa at a concentration of 4.0 mg/mL and 21.0 mg/mL (representing 
concentrations 32.5X and 169.9X higher than that found in a normal specimen.6)

Spiking Study demonStrateS robuSt ability of CeX to remove fXia

*NC: Not calculated

Figure 1. Western Blot analysis of coagulation factors (with
SDS-PAGE loading control) show removal of FII, FVII, FIX and FX after
cold ethanol fractionation. FXIa is removed only following CEX
chromatography.
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GC5107 MANUFACTURING PROCESS

• The presence of residual coagulation factors II, VII, IX, X and XIa in intravenous immunoglobulin (IVIG) 
preparations increases the risk of thrombi formation and thromboembolic events (TEEs) in patients 
receiving such therapy.1,2

• In 2010, a surprising increase in the number of TEEs was observed following use of a 5% IGIV product. 
Residual FXIa in the product was identified as the root cause.1

• IVIG manufacturing via Cohn-Oncley cold ethanol fractionation has been demonstrated to successfully 
remove FII, FVII, FIX, and FX.3,4

• Ethanol precipitation does not effectively separate FXIa from IVIG due to the high isoelectric point of FXIa 
(8.9 - 9.1).5

• FXIa can remain in intermediary products, risking the presence of procoagulant activity in the final IVIG 
preparation.
• The development of processes to remove residual FXIa from IVIG has been a longstanding goal with the 

aim of improving product safety.

• To develop and evaluate a process to remove FXIa from the GC Biopharma 10%  IVIG (GC5107) preparation.
• To assess the robustness of the process via a spiking study.
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• The GC5107 manufacturing process including CEX chromatography reduced procoagulant activity in the final product to below 
detection limits (Table 1) as measured by6:

° TGA assay (< 1.56 mIU/mL)
° Chromogenic FXIa assay (< 0.16 mIU/mL)

• The NaPTT of >250 sec in all 9 batches  of GC5107 indicates very low levels of procoagulant activity (Table 1).
• Western blot analysis of intermediate samples indicated that FII, FVII, FIX, and FX were removed through cold ethanol 

fractionation, while FXIa was successfully reduced to undetectable levels only after CEX chromatography (Figures 1 and 2).
• In starting samples spiked with FXIa at 32.5X and 169.9X levels found in normal samples, the GC5107 manuzfacturing process 

reduced FXIa to very low levels (by ELISA) and reduced procoagulant activity to below the detection limit (by TGA) (Table 2).

• These results demonstrate the ability of CEX chromatography to effectively remove FXIa (by Western blot), and reduce 
procoagulant activity to below detection limits (by TGA and chromogenic FXIa assay).
• The results of the spiking study demonstrate the robustness of the process — even for starting material containing 32X and 

169.9X the FXIa content of a normal sample.
• The new manufacturing process including CEX chromatography may serve to reduce the risk of TEEs in  patients receiving 

this therapy.
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