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STERILIZATION OF OBJECTS CONTAINING BIOLOGICAL MOLECULES 

Cross-Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 60/871,426, 

filed December 22, 2007, which is incorporated by reference in its entirety. 

Field of Invention 

The invention relates to methods for surface-sterilizing objects containing ethylene­

oxide-sensitive, temperature-sensitive compounds, including biological molecules. 

Background of Invention 

Objects used in medical applications are generally sterilized before use. Sterilization 

15 can be accomplished by a variety of methods including, e.g., steam sterilization, radiation 

sterilization, gas sterilization (e.g. with ethylene oxide), and chemical sterilization. However, 

these treatments cannot be used for objects containing pharmaceutical compositions because 

their active ingredients are typically sensitive to them. For example, steam and gas 

sterilization are generally performed at high temperatures (approx. 45°C to 55°C or higher) 

20 that damage certain active ingredients in phannaceutical compositions. Similarly, the agents 

used for radiation or chemical sterilization generally cause chemical damage to the active 

ingredients. Consequently, pharmaceutical compositions are generally sterilized by an 

alternative method, e.g. by filtration, and then packaged into separately sterilized objects. 

Because of the complexity of this process, it is difficult to also ensure the sterility of the 

25 surfaces of the objects. 

In many circumstances it would be advantageous to sterilize the surfaces of these 

objects in order to reduce the risk of contamination during subsequent handling. For 

example, there is an increased risk of endophthalmitis after intraocular injection if the surface 

of the syringe used for injection is not sterilized. Thus, there remains a need for efficient and 

30 cost-effective methods of surface-sterilizing objects containing ethylene-oxide-sensitive, 

temperature-sensitive compounds, such as biological molecules, without a significant adverse 

effect on their activity or integrity. 
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Summary of the Invention 

The invention relates to methods for surface-sterilizing objects containing ethylene­

oxide-sensitive, temperature-sensitive compounds, such as biological molecules. The 

invention is based, in part, on the surprising discovery of ethylene-oxide-based sterilization 

5 conditions that will effectively sterilize the surface of an object but which do not significantly 

damage ethylene-oxide-sensitive, temperature-sensitive compounds contained inside. 

In one aspect, the invention provides a method for surface-sterilizing an object having 

an ethylene-oxide(EtO)-impermeable interior space containing a compound with a 

temperature-sensitive and EtO-sensitive activity by exposing the object to EtO under 

10 conditions such that the object is surface-sterilized and the compound retains at least 50% of 

said activity. In some embodiments, the conditions comprise: a) temperature between 25°C 

and 35°C; b) EtO concentration of between 300 mg/Land 800 mg/L; and c) relative humidity 

between 45% and 60%; for between 1 and 6 hours. In some embodiments, the conditions 

comprise: a) temperature between 27°C and 33°C; b) EtO concentration of between 300 

15 mg/Land 600 mg/L; and c) relative humidity between 48% and 52%; for between 1 and 6 

hours. In some embodiments, the conditions comprise: a) temperature of30°C; b) EtO 

concentration of 600 mg/L; and c) relative humidity of 50%; for 1, 1.5 or 2 hours. 

In some embodiments, the compound retains at least 90% of said activity. In some 

embodiments, the compound is a polypeptide, e.g. an antibody, which includes monoclonal 

20 antibodies, chimeric antibodies, humanized antibodies or human antibodies. In some 

embodiments where the compound is a polypeptide, the percent alkylation of the polypeptide 

is not statistically different from a control polypeptide not exposed to EtO. In some 

embodiments, the antibody is an antigen-binding fragment, e.g. a Fab fragment. In some 

embodiments, the Fab fragment binds VEGF, e.g. ranibizumab (LUCENTIS:J{)). 

25 In some embodiments, the compound is present in an aqueous pharmaceutical 

composition, e.g. a composition comprising at least one of: an amino acid, a disaccharide 

and a non-ionic surfactant. In some embodiments the pharmaceutical composition comprises 

histidine, trehalose and polysorbate 20. 

In some embodiments, the object is a syringe. In some embodiments the syringe 

30 comprises glass and comprises a stopper comprising D777-7 laminated with FluroTec®; and 

a tip cap comprising D777-7 laminated with Fluro Tee([, or D2 l -7 H laminated with 

FluroTec@:. In some embodiments, the object is contained within a package comprising an 

EtO-permeable material, e.g. TYVEK®. 

2 
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In another aspect, the invention provides an object produced by a method of the 

invention. 

Detailed Description of the Invention 

5 Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as is commonly understood by one of ordinary skill in the relevant art. All patents 

and publications mentioned herein are expressly incorporated by reference in their entireties 

for all purposes. 

Throughout this specification and claims, the word "comprise," or variations such as 

10 "comprises" or "comprising," indicate the inclusion of any recited integer or group of 

integers but not the exclusion of any other integer or group of integers. 

As used herein, a "compound" is any molecule that has an activity which can be 

measured. Compounds according to the present invention generally have a pharmacological 

activity. For example, the activity of a compound may include the ability to bind to a 

15 particular molecule, to inhibit (or enhance) an enzymatic activity, induce a particular 

physiological response, etc. 

As used herein, an "ethylene-oxide-impermeable" or "EtO-impermeable" object is 

one in which no more than 0.5 ppm EtO is present inside the object after EtO sterilization. 

As EtO-impermable object my comprise, e.g., glass and/or certain plastics. 

20 As used herein, an activity is "ethylene-oxide-sensitive" or "EtO-sensitive" when the 

activity is reduced following exposure to ethylene oxide (EtO). In some embodiments, the 

exposure is to 10 ppm EtO at 30°C for 3 days. In some embodiments, the activity is reduced 

by at least 90% following EtO exposure. In some embodiments, the activity is reduced by 

less that 90%, e.g. at least 80%, 70%, 60% or 50%. 

25 As used herein, "percent alkylation" in the context of a polypeptide is the percentage 

of polypeptide that is in the basic peak relative to polypeptide that is in the acidic or main 

peaks as measured by IEC. 

As used herein, an activity is "temperature-sensitive" when the activity is reduced 

following exposure to a high temperature, e.g. above room temperature. Tn some 

30 embodiments, the exposure is for 2 hours. In some embodiments, the activity is reduced 

following exposure to temperatures of at least 30°C, e.g. at least 35°C, 40°C, 45°C, 50°C, 

55°C or 60°C. Tn some embodiments, the activity is reduced by at least 90% following 

exposure to a high temperature. In some embodiments, the activity is reduced by less that 

3 
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90%, e.g. at least 80%, 70%, 60% or 50%. In some embodiments, the activity is reduced by 

at least 5% or at least 1 %. 

As used herein, the surfact of an object is "sterilized" when the amount of at least one 

biological contaminant present on the surface of the object being treated according to the 

5 present invention is reduced following the treatment. Typically, the amount is reduced by at 

least one log (i.e. by at least 10-fold). In some embodiments of the invention, the amount is 

reduced by 2 logs, 3 logs, 4 logs, 5 logs, or 6 logs. 

As used herein, a "biological contaminant" is a contaminant that, upon direct or 

indirect contact with a biological material, may have a deleterious effect on the biological 

10 material. Examples of biological contaminants include viruses; bacteria or bacterial spores; 

parasites; yeasts; molds; mycoplasmas; and prions. Further, a biological contaminant need 

not be naturally or accidentally present. For example, a biological contaminant may be 

Bacillus subtilis spores deliberately placed on the surface of an obj eet to be sterilized in order 

to monitor the success of the sterilization. 

15 As used herein, a "subject" is a human subject or patient. 

As used herein, a "polypeptide" is broadly defined and includes both short 

polypeptides as well as longer polypeptides such as proteins and protein fragments. For 

example, the term polypeptide may include from dipeptides, tripeptides, and the like to 

enzymes, hormones, antibodies or any fragments of these that has an activity. 

20 As used here, the te1m "antibody" is used in the broadest sense and specifically covers 

monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific 

antibodies), and antibody fragments, so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody from a 

population of substantially homogeneous antibodies, i.e., the individual antibodies 

25 comprising the population are identical and/or bind the same epitope(s), except for possible 

variants that may arise during production of the monoclonal antibody, such variants generally 

being present in minor amounts. Such monoclonal antibody typically includes an antibody 

comprising a polypeptide sequence that binds a target, wherein the target-binding polypeptide 

sequence was obtained by a process that includes the selection of a single target binding 

30 polypeptide sequence from a plurality of polypeptide sequences. For example, the selection 

process can be the selection of a unique clone from a plurality of clones, such as a pool of 

hybridoma clones, phage clones or recombinant DNA clones. It should be understood that 

the selected target binding sequence can be further altered, for example, to improve affinity 
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