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INTRODUCTION RESULTS

o Intravenous immunoglobulin (IVIG) therapy is essential for the treatment of primary immunodeficiency?

o Itisunderstood that residual plasma-derived impurities in IVIG—including IgA, prekallikrein activator (PKA), and
activated factor XI (FXla)—have been associated with adverse events*>

- IgA impurity can trigger immediate, potentially life-threatening anaphylaxis in IgA-deficient recipients, with cases
resolving after switch to an IgA-depleted product®

- PKA can generate bradykinin during infusion and cause clinically significant hypotension and infusion reactions’

- Factor Xla can amplify thrombin generation and contribute to thromboembolic events, which is mitigated when
cation exchange chromatography removes FXI/FXla to below detection”

OBJECTIVE

This study evaluated the effects of enhanced purification steps, including anion and cation exchange
chromatography, on the removal of impurities during the manufacturing process of immune globulin intravenous-
stwk 10% liquid (IVIG-stwk 10%)

METHODS

« ALYGLO® (IVIG-stwk 10%) was developed using a multistep manufacturing process that includes cold ethanol
fractionation, ultrafiltration and diafiltration, anion exchange chromatography, solvent/detergent virus inactivation,
cation exchange chromatography + UF/DF 2, nanofiltration, an additional ultrafiltration step, and formulation (Figure 1)

« Three commercial-scale process performance qualification lots and 57 lots of commercialized product were
characterized from January 2020 to February 2025 for their physicochemical properties, biological activity, and
Impurity content

« Key measures of safety-related impurities, including molecular size distribution (IgG monomer, dimer, polymer,
aggregates, and fragments) evaluated by size-exclusion high performance liquid chromatography; IgA evaluated by
enzyme-linked immunosorbent assay (ELISA); PKA evaluated by chromogenic assay; and FXla evaluated by thrombin
generation assay (TGA), were analyzed and characterized for process optimization

Figure 1. ALYGLO® (IVIG-stwk 10%) Manufacturing Process
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- Plasma isthawed and cryoprecipitated, then cold ethanol fractionation is performed

- Fraction I+lI+lIl and Fraction I+1ll are generated, and Fraction Il is subsequently used to retrieve IgG by precipitating it
from the Fraction I+l filtrate

» The lgG stream is concentrated and buffer-exchanged by UF/DF1, then passed through flow-through anion-exchange
chromatography at pH 6.0 to remove lower-pl impurities, followed by solvent/detergent treatment for enveloped
virus inactivation

 Cation exchange chromatography at pH 5.0 binds positively charged impurities (including FXI/FXla) and, with UF/DF2,
provides major impurity clearance before nanofiltration, after which the product is formulated, sterile-filtered, and
aseptically filled

e In-process samples are taken at each critical step for impurity, and quality testing

Figure 2. Summary of Product Characterization Results for IVIG-stwk 10%
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The optimized manufacturing process of IVIG-stwk 10% achieves
>99% purity with plasma-derived impurities below lot release
specifications in all cases, and below quantification limits in most cases
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Process Performance

Commercial Lots

Qualification Lots n=3 nN=57 LOQ
Polymers (%) @5 @5 0.3
Qﬁf) Fragments (%) GO’BQ GO’BQ 0.5
IgA (ng/mL) Qaﬁ Average <4.0 3.9
PKA (1U/mL) @5 Qﬁ 2.4
FXla (mU/mL, TGA) @5 @5 1.56

FXla, activated factor XI; LOQ, limits of quantification; PKA, prekallikrein activator.

RESULTS (CONTINUED)

e IVIG-stwk 10% demonstrated high purity, with monomer plus dimer content consistently >99% in the process
nerformance qualification lots as well as the commercialized lots (Figure 2)

« Polymers and fragments were below the limits of quantification (LOQ; 0.3% and 0.5%, respectively) in the process
nerformance qualification lots as well as the commercialized lots

 IgA was below the LOQ of 3.9 ug/mL in the process performance qualification lots and had an average value
of <4.0 ug/mL in the commercialized lots

« PKA was reduced to below the LOQ of 2.4 IU/mL in the process performance qualification lots as well as the
commercialized lots

« FXla activity, as measured by the TGA, was below the LOQ of 1.56 mU/mL in the process performance qualification lots
as well as the commercialized lots

DISCUSSION

« Thromboembolic events remain a class-level concern with IVIG; therefore, minimizing procoagulant activity is a critical
manufacturing objective

« Control of IgA and PKA is especially important: residual IgA can trigger anaphylaxis in IgA-deficient recipients with anti-
lgA antibodies, while PKA can activate kallikrein and bradykinin release, leading to acute hypotension during infusion

 Cation exchange chromatography is particularly effective at eliminating FXI/FXla, reducing procoagulant activity to
undetectable levels in spiking studies and offering greater safety assurance than ethanol fractionation alone’

« The IVIG-stwk 10% manufacturing process, with inclusion of cation exchange chromatography, effectively removes
plasma-derived impurities—polymers, fragments, FXla, PKA, and IgA—that are linked to IVIG-related adverse events

CONCLUSIONS

o IVIG-stwk 10% exhibited high purity, preserved functional activity, enhanced removal of clinically relevant
impurities, and undetectable polymers, fragments, PKA, and FXla activity levels

» These findings suggest that further study of the clinical impact of impurity removal is warranted and
provides a basis for future evaluation of safety in a post-marketing analysis
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