K%JMediZap

Advanced Sterilization

Terminal Sterilization by Irradiation:
Advancing Safety and Efficacy in Sterile Drug Products

The preservation, promotion, and enhancement of patient life is inextricably linked
to the quality and safety of compounded and manufactured drug products. This
document provides a rigorous examination of the fundamental importance of
terminal sterilization techniques, specifically focusing on ensuring the utmost
safety and efficacy of sterile drug products.

Contained within are comprehensive analyses of key terminal sterilization
methods, emphasizing radiation-based modalities such as Electron Beam
(E-Beam), X-Ray, and Gamma radiation. While there are mulltiple terminal
sterilization alternatives available (e.g. steam/dry heat), the scope of this
discussion is strictly limited to irradiative terminal sterilization.

The pharmaceutical compounding and manufacturing industry is a complex,
mature and ever-growing industry sector that persistently evolves to meet the
regulatory requirements of the state pharmacy boards, FDA, USP, cGMP, and
ISO (as applicable as based on 503A or 503B status). With rising demands of
the burgeoning aging global demographic, as well as advancements in custom
genetics sequencing there is a paramount need for continuous advancement in
terminal sterilization capacities and a diverse portfolio of rigorously validated and
regulatory-sanctioned methodologies. A single method, however sophisticated,
cannot be universally implemented.

The determination of an apt terminal sterilization technique rests on several
interplaying factors. These encompass product formulation (APIs, Excipients),
primary packaging material compatibility (e.g. vials/caps, pre-filed syringes,
blister packs, mini IV bags), geographical processing constraints (e.g. storage
conditions, logistics), strict regulatory guidelines, and economic variables. A
meticulously documented, validated and regulatory-approved terminal sterilization
process is a cornerstone to end-to-end sterile drug product

compounding/ manufacturing continuum.
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Current industry trends indicate a prevalent reliance on aseptic techniques (high
risk, 10-4SAL) to assure the sterility of compounded drug products. However,
regulatory guidance now starts with terminal sterilization (low risk, 10-¢ SAL)
with an observable uptick in the adoption rate of cutting-edge terminal sterilization
methods, notably E-Beam and X-Ray.

The salient need for sterilization by irradiation arises from the inherent requirement
for compounded drug products to exhibit absolute sterility, defined as the
complete absence of viable microorganisms. The Sterility Assurance Level (SAL)
quantifies the likelihood of a viable microorganism existing on a sterilized drug
product, and its precise determination is cardinal to patient safety.
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The Electron Beam (E-Beam) method of terminal sterilization, entrenched in the
healthcare products realm for over six decades, provides a reliable alternative to
aseptic compounding by consistently assuring the microbial safety of
pharmaceutical coommodities. Regulatory mandates pertaining to compounded
drug product sterilization via terminal techniques are codified in ISO 11137 and its
succeeding series, delineating exhaustive guidelines encompassing dose
determination, dosimetry, and process governance.

X-Ray terminal sterilization, since its inaugural commercial facility opening in
2010, presents a potent alternative for pharmaceutical terminal sterilization.
Regulatory adherence for X-Ray sterilization mirrors the standards established for
E-Beam technology, as set forth in the ISO 11137 suite of standards.

Comparative Analysis of Terminal Sterilization Modalities by Irradiation:

E-Beam: This method employs ionizing radiation projected as an electron beam.
The salient requirements and processing parameters are in accordance with the
guidelines and validations stipulated in ISO 11137.

X-Ray: X-Ray sterilization employs ionizing radiation generated when electrons
impact a designated target. lts processing parameters and product release
prerequisites align with those detailed in ISO 11137.

Gamma: Gamma sterilization utilizes ionizing radiation in the guise of gamma
rays. The method’s criteria for product manufacturing and processing release
mirror the benchmarks established in ISO 11137.

In conclusion, the landscape of pharmaceutical manufacturing, the judicious
selection of a sterilization technique is of paramount significance to ensure
product safety and efficacy. Both E-Beam and X-Ray sterilization methodologies
offer unique benefits and are gaining traction in contemporary drug product
compounding practices. Adherence to ISO standards remains a non-negotiable
element, underscoring the quality and safety of sterilized pharmaceutical
commaodities.
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