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The information contained in this document is subject to change without notice.
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1. Introduction
1.1 Purpose of this Regulatory Support File

This Regulatory Support File (RSF) presents product information for Spectrum® Polysulfone Hollow Fiber Filter Modules from
Repligen Corporation. This RSF is intended to be used as:

e Aguide for appropriate application use in process development, clinical, and commercial purification processes

e A guide to validation in manufacturing practices

e Asupport reference for CMC submissions for regulatory license approval

e Aguide for supplier audits

e Analternative to a Drug Master File submission

Repligen is committed to providing all relevant technical, manufacturing, and quality information; however, only non-confidential
information is presented in this document. Confidential details may be made available upon request through a formal confidentiality
agreement or as part of a supplier audit.

1.2 Where to get help

If you need to know more about tangential flow filtration and filter module validation, contact the technical support team at
Repligen. The technical support team includes scientists and engineers that can:

e Answer your technical questions.

e Assistin the selection and design of filtration systems.

e  Provide user training programs.

Specifically, Repligen provides the following support:
e  Process optimization and filtration testing
e Integrity testing
e Validation protocol development
e Troubleshooting
e Periodic checks to ensure continued efficiency of filtration system
e  Operator training

To obtain support, contact your local Repligen sales representative or our customer support team. Customer support information is
located on page 2.

1.3 Responsible Official

The individual designation responsible for quality and regulatory affairs for Repligen, and to whom all correspondence or requests
for audits should be addressed:

Director of quality — Rancho Dominguez
Telephone: +1-781-250-0111
Email: customerserviceUS@repligen.com

2. Quality Documentation
2.1 Quality Policy
2.1.1 Repligen Corporation — A Higher Standard

Repligen Corporation has over 50 years of experience providing products that meet the quality required in bioprocessing
applications. We can satisfy the quality needs of customers with particular application requirements. Full compliance with regulatory
requirements and meeting customer needs are the driving forces for Repligen higher standard of quality.

Document Number:RSF-6944 Revision: 1 Effective Date: 7/15/2025 Legacy Document #: N/A
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2.1.2 Complying with Quality Regulations
Since product quality is essential to our customers' success, Repligen makes quality assurance a top priority. Repligen is an 1ISO 9001
certified company and has an established (QMS) Quality Management System.

A copy of the Repligen quality policy can be found at repligen.com.

2.1.3 Product Certification

Repligen supplies certificates of conformance for released manufacturing lots (Figure 1). Upon advanced request, you can receive
certificates of conformance for individual Spectrum Polysulfone (PS) Hollow Fiber Filter Modules. Certificates of conformance are
substantiated with data appropriate to each filter type.

This information typically includes:
e Technical specifications
e USP Class VI compliance or supplier certification
e Integrity testing: destructive and non-destructive
e  Filter rating (pore size) verification testing or supplier certifications

Substantiation data is maintained on file for 5 years or as required by customers and OEM applications.

Figure 1. Sample Certificate of Conformance

18617 Broadwick Street

R E P L I G E N Rancho Dominguez, CA 50220-6435
r wwews repligen.com
S ST A& e T RIEEEES e

Certificate of Conformance

Affix Product
Label Here

This is to certify that the product as indicated by the sffixed label complies with the following descriptions and specifications:

Product Description — Hollow Fiber Filter Module

Materials: Housing: Polysulfone
Potting Material: Polyurethane or Epaxy
Filtration Filter Media: Noted on product Izbel*
Netting (where applicable): Polypropylene

May contain UV epoxy (fluid path)
Biological: The fiuid path of this single use hollow fiber module has passe clasdlV| (UsB#E2>) and/or 150 10993 testing.

TSE/BSE: The fiuid path of this single use hollow fiber module confoga guidance EMA/410/01.

Endotoxin**: The fluid path of a representative hollow fiber modules
endotexin in accordance with current USP Bacterial Endo

ted in periodic validations for the presence of
EP <853). Aqueous extracts contained
AL).

Particulate™*:  The fiuid path of a representative hollow red in periodic validations in accordance with
current USP Particulate Matter in Inj pic Particle Count Test (USP <788>).

Irradiation®*: Part numbers ending in ‘S’ have to 25-40 kGy of radiation after final packaging.

Sterility**: For MicroKros and Magi jd with number CO#-XXXX-XX-5 and DO#-XXX-XX-S, the fluid path of the

Testing: The fiber mel

ple-tested 1o verify pore-size rating, water flux rate and burst pressure.
Each filter module passed ingégr

testing and visual inspection in accordance with Repligen’s Quality procedures.

Membrane Surface Al +10% of the labeled value
Shelf Life: Intended for single use within three (3) years for iradiated and five (5) years for non-irradiated, from the date of
manufacture.

Manufacturing:  Repligen is an IS0 9001 certified company and products are manufacturad in 150 Class 7 cleanroom meeting
Repligen’s quality management system requirements.
Mznufactured in the United States of America. All materials of construction are 100% lot traceable.

Storage: Store in original packaging at ambient conditions protected from moisture, extreme temperatures, and light

* ME {mixed cellulose ester) PS (polysulfone) PES [polyethersulfone) mPES (modified polyethersulfone)
**This is not applicable for modules with part number ending in “N', “P", or “W".

Issued by Quality Assurance

Please note that it is incumbent upon the end user to validate that this product is suitable for the intended use in their application

Documant Numbsr 053555 Revision: 12 Effactivs Dats: 41172022 Leacy Documant & 450-12003-001
Sanaicel
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2.1.4 Animal-Free and BSE/TSE-Free Statement

Repligen polysulfone fiber is manufactured from synthetic or manufactured materials and does not contain any raw materials
produced from or substances derived from animal origin. Moreover, Repligen uses materials for filter module production that do not
use ingredients of animal origin or are compliant with EMEA 410/01 guidelines. Our products do not come in contact with animal
product during storage and transportation.

2.1.5 1ISO and USP Class VI Statements

ISO Statement: Repligen Corporation is an ISO 9001 certified company, and products are manufactured in an ISO 7 cleanroom
meeting the Repligen QMS requirements

USP Class VI Statement: The fluid path of this single use hollow fiber modules has passed USP Class VI (USP <88>) and/or ISO 10993
testing.

3. Safety Precautions

Table 1. Safety Precautions for Spectrum Hollow Fiber Filter Modules
Description
Damage may occur as a result of the following:
e  Dropping on hard surfaces or other mechanical shock
e  Excessive feed pressure
Warning e  Excessive permeate back pressure or pressurizing the permeate port
e  Exposure to harsh chemicals
U Freezing
. Excessive Heat
It is recommended that you perform a device integrity test (Section 5.2)prior to use to ensure no damage has occurred
during shipping.
Information Membranes must be wetted with isopropyl alcohol (IPA) prior to use (Section 5.1).

Information

4. Product Description

This chapter describes the design, construction, and performance of Spectrum PS Hollow Fiber Filter Modules. The information
includes:

Product Design
e  Product description and overview of product design
e  Materials of construction

Product Performance
e Applications
e  Scalability
e Operating parameters and limits

4.1 Product Design

4.1.1 Product Description and Overview of Product Design

Spectrum Hollow Fiber Filters are single-use tangential flow filtration (TFF) hollow fiber devices used for microfiltration,
ultrafiltration, and diafiltration processes. These modules are available with or without gamma irradiation. PS modules can also be
purchased pre-wetted with 1% hydrogen peroxide. The Spectrum Hollow Fiber modules consist of hollow fibers encapsulated in a
housing (Figure 2). The housing has two end fittings that each include two ports. In total, the ports include a feed port, a retentate
port, and two permeate ports. The ports use various types and sizes of adaptors and connectors.

Document Number:RSF-6944 Revision: 1 Effective Date: 7/15/2025 Legacy Document #: N/A
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The hollow fibers run the length of the housing, connecting the feed and retentate ports. During use, product fluid is pumped into
the feed port under pressure. Most of the fluid flows through the hollow fibers and out the retentate port. Some fractional volume
of fluid flows through the walls of the hollow fibers into the housing shell and out the permeate ports.

Figure 2. Spectrum Hollow Fiber Filter Module Main Components and Example Configuration

1. The retentate (fluid and components that
do not pass through the wall of the
hollow fibers) is returned to the Feed
reservoir.

Feed reservoir

Pump

Fluid pumped into the Feed port
Feed port

Permeate port 2

Filter Housing

Hollow fibers inside housing

End Fitting

Permeate port 1

Retentate port

Components that pass through the
hollow fiber membrane flow from the
permeate ports for collection.

13. Collection or Waste reservoir

a e
REPLIGEN

LN AWN

-
o

-
<
=
N =

R)

REPLIGEN

Figure 3. Connection Components for Larger Spectrum Hollow Fiber Filter Modules

1. Clamp
a 2. Adaptor
o 3. Gasket
- 4. End Fitting
Note: Large filter modules can use different size adaptors to connect to filtration systems.
9
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4.1.2 Materials of Construction

Figure 4. Spectrum Hollow Fiber Filter Showing Materials of Construction of Each Component

e

N

N

Table 2. Materials of Construction in the Fluid Path of Spectrum Hollow Fiber Products

Filter Components
Hollow fiber filter membrane

Support netting

Housing, end fitting and exterior plastic components

Potting Material
Seals and gaskets

Table 3. Device Specifications

Module

Characteristics

Effective Length
(cm)

Surface Area

Retentate Hold-
up Volume (ID)
Permeate Hold-
up Volume (ECS)
Total Module
Length (cm)
Diameter (cm)
Fiber Count
Feed/Retentate
connectors
Permeate
Connectors
Working Volume
Maximum Feed
Pressure

MWCO

Lumen ID

ukhwnN e

Polysulfone housing

Product label

Spectrum PS Hollow Fiber
Urethane or epoxy potting
Spectrum Filter Family label

Materials of Construction

Polysulfone
Polypropylene
Polysulfone
Urethane or Epoxy

Platinum-cure silicone

Module Family

MidiKros/
™ MiniKros Sampler
m MIdIKrOS TC P
20 415 65 20 415 65 20 415 65 20 415 65 20 415 65 415 50 68

28 59 92
cm? cm? cm?
035 0.73 115
mL mL mL
069 143 224
mL mL mL

23 45 68

0.46
9
Male Luer Lock
(MLL)
FLL
1-100 mL

Document Number:RSF-6944 Revision: 1

190 390 610
cm? cm? cm?
2.36 4.89 7.65
mL mL mL
4.38 9.09 14.24
mL mL mL
25/23 45/44  69/68
0.95
60
Female Luer Lock (FLL)
%" TC
FLL/FLL
100 mL-3L

0.10 0.22
m? m?
12.95 26.88
mL mL
21.53  44.68
mL mL
25 47

1.87
330
%" TC
%" TC
3-15L

0.34 0.31 0.65
m? m? m?
42.10 39.25 81.44
mL mL mL
69.98 73.54 152.6
mL mL mL
70 25 46

331
1000
1.5"TC
%" TC
5-50L
30 psi/2 bar

10 kD, 50k D, 500 kD, 0.05 pm

0.5 mm

Effective Date: 7/15/2025
Page 10 of 24

1.0 1.6 33 5.1
m? m? m? m?
127.6 196.3 @ 407.2 637.8
mL mL mL mL
239.0 359.8 746.6 1.17
mL mL mL L
70 23 46 69
6.98
5000
3"TC
1.5"TC
10-100L

Legacy Document #: N/A

10.4 12.5 17.1
m? m? m?
1.30 1.57 2.14
L L L
1.98 239 3.25
L L L
51.5 60 78
11.61
16000
6" TC
1.5"TC
100 - 1000 +L
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4.1.3 Process Validation

Even with the disclosure of the materials of construction and the results of extractable testing, it is incumbent upon users to validate
the appropriateness for use of Repligen products in specific applications.

4.1.4 Package Contents

Spectrum Hollow Fiber Filter Module package contains:
e One (1) Spectrum Hollow Fiber Filter Module
e  Certificate of Conformance
e Instructions for use

4.2 Applications

Spectrum PS Hollow Fiber Filter Modules can be used in filtration and separation processes required for the production of drug and
biotech products (Figure 8):

e Cell concentration, clarification, and diafiltration

e  Lysate clarification

e  Bacterial concentration and diafiltration

e VLP and virus concentration and diafiltration

e VLP and virus clarification

e  Protein purification, concentration, and diafiltration
e Nucleic acid diafiltration and concentration

4.2.1 Increasing the Surface Area of a Hollow Fiber Filtration System

There are three ways to increase the surface area for hollow fiber filtration:
1. Increase the number of fibers
2. Increase the length of fibers/effective length of the module chosen
3. Increase both the number of fibers and the length of the fibers. This is done by selecting a module from a larger product
family.

11
Document Number:RSF-6944 Revision: 1 Effective Date: 7/15/2025 Legacy Document #: N/A
Page 11 of 24



Spectrum® Polysulfone Hollow Fiber Filter Modules

Regulatory Support File

Figure 5. Spectrum mPES Hollow Fiber Filter Modules
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4.3 Scalability

Microkros Filtters for small RED Volumes

Processing Wolumes:
Connections:
Effective Lengths:
Surface Arzas:

i—100ml

MLL % FLL

20, 41.5 and 65 cm
2B cm® —82 cm?

Midikros Filters for Small Starting Batch Volumes

Processing Volumses:
connections:
Effective Lengths:
Surface Areas:

wo0ml -31L

FLLx FLL

20, 41.5 and 65 cm
120 cm? - 510 cm?

Midikros TC Filters for Small Starting Batch Wolumes

Processing Volumsas:
Connections:
Effective Lengths:
Surface Areas:

1w0oml -31L
WTTC xFLL
20, 41.5 and 65 cm
180 cm? - 510 cm?

Minikros Sampler Filters for Small Batch volumes

Processing volumes:
connections:
Effective Lengths:
Surface Arzas:

IL-15L
HUTC X %' TC
20,415 and 65 cm
010 m*—0.34 m?

Minikros Filters for Pilot-Scale volumes

Processing Wolumes:
connections:
Effective Lengths:
Surface Arzas:

5L-50L

14" TC xR TC
20,415 and 65 cm
031 m-1m?

KrosFlo Filters for Production-Scale volumes

Processing Wolumes:
Connections:
Effective Lengths:
Surface Arzas:

10-100L
IFTCR1%"TC
20,415 and 65 cm
1.6m*—51m?

KrosFlo MAX Filters for Production-Scale volumes

Processing Volumes:
Connections:
Effective Lengths:
Surface Areas:

100 L— 1000+ L
E'TCx1%" TC

44.5, 50, 68 and 108 cm
104 m?-17.1m?

Hollow fiber filtration systems from Repligen cover a wide range of process liquid volumes. Systems start at disposable, hand-
pumped syringe sample products with liquid volumes as low as 1 milliliter and scale up to pilot- and production-scale systems to
liquid volumes greater than 1000 liters. The range allows the user full scalability since the data acquired with research and

development systems is directly applicable at production volumes.

Table 4. Spectrum Hollow Fiber Filter Scalability

| Product | ProcessVolumes

MicroKros Hollow Fiber Filter Module
MidiKros Hollow Fiber Filter Module
MiniKros Sampler Hollow Fiber Filter Module
MiniKros Hollow Fiber Filter Module

KrosFlo Hollow Fiber Filter Module

KrosFlo MAX Hollow Fiber Filter Module
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1-100 mL
100mL-3L
3-15L
5-50L
10-100L
100 - 1000+ L
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Considering the expense and time involved in bringing new biopharmaceutical products to market, there is a clear need to quickly
scale processes and systems from research volumes through prototype volumes to production volumes. Process stability at all
volumes and stages of new product introduction is important as well. An important part of this stability results from the chosen
filtration steps.

One advantage of Spectrum Hollow Fiber Filter Modules is direct scalability as long as the fiber path length is held constant. An
efficient and cost-effective method for scale-up is to determine a steady state flux rate (L/m?/hr or LMH) on a small, manageable
scale.

5. Standard Procedures for Use
5.1 Preparing a New Module

Spectrum PES Hollow Fiber Modules are designed to be single-use only. Sanitization prior to use is included in this regulatory
support file, but post-use cleaning and storage are not.

5.1.1 Dry Membrane Preparation

To achieve maximum flux capacity, hydrophobic membranes with a molecular weight cut off (MWCO) of 50 kD or smaller must be
completely pre-wetted with alcohol. Dry polysulfone membranes with a MWCO of 500 kD and larger do not require pre-wetting with
alcohol. However, Repligen strongly recommends integrity testing prior to use (Section 5.2).

1. Flush the module with 10% — 20% isopropanol (IPA) or ethanol (EtOH) for 15 minutes. To conserve alcohol, the permeate
can be directed into the retentate reservoir, or the module can be filled with alcohol for 2 hours to thoroughly wet the
pores.

2. Drain alcohol from the retentate and filtrate sides of the module and flow path.

3. Rinse out remaining alcohol with deionized (DI) water or buffer until a permeate volume of 2 ml/cm? of surface area is
reached.

4. Drain water from module and perform integrity test.

5.1.2 Pre-flushed (wet) Membrane Preparation

Hydrophobic polysulfone modules are available pre-wetted for your convenience. The pre-wetted ultrafiltration modules are
packaged in DI water containing 1% hydrogen peroxide.

1. Drain preservative solution from retentate and permeate sides of module.
2. Rinse out remaining solution with DI water or buffer until a permeate volume of 2 ml/cm? of surface area is reached.
3. Drain module and perform module integrity test.

5.2 Filter module integrity testing

All hollow fiber filter modules are integrity tested prior to shipment. However, Repligen strongly recommends an integrity test be
performed prior to use. The following pressure hold test is recommended to verify the integrity of a wetted module:

1. Fully wet the module. Close the permeate side of the module and system.

Drain the feed and retentate loop but keep the permeate flooded. Close the retentate and use air or nitrogen gas to
pressurize the module and system up to 5 PESig, then close the feed.

3. If the pressure droPES greater than 0.5 PESi/min/m? (of membrane area), then the system connections may be leaking.
Tighten all connections, repressurize to 5 PESig and recheck for pressure drop. Pressure decay is to be expected. Pressurize
back up to 5 PESig before continuing.

4. After assuring system integrity, open the permeate and observe pressure decay as excess water or buffer is passed through
the fibers.
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5.3 Conditioning the Filter Module Before Use

Before processing product, check the pH or conductivity of the permeate stream to confirm the filter mirrors the operational
conditions of the upcoming feed stream. Then flood the feed side of the filter and permeate side of the fiber with buffering solution
prior to starting the process.

Note: The reason for the conditioning of the hollow fiber module is to ensure the membrane pH and salt conditions are similar to the
starting processing material to minimize fouling and loss of product. This is most critical when using the filters for perfusion or
intensification applications, as well as if you are using a high salt buffer or a buffer with a pH outside of the 6 — 8 range.

6. Safety Testing
6.1 Introduction

Safety testing is a key factor for determining the appropriateness for use of Repligen membrane filter products in medical,
pharmaceutical, and life science applications. The materials of construction with direct process fluid contact are independently
tested to assure that requirements for USP Class VI are met or are certified as such by Repligen suppliers based on suitable
equivalent testing.

While no specific testing requirements have been stipulated by the regulatory bodies, USP Class VI is a minimum standard adopted
throughout the pharmaceutical filtration industry. Repligen ensures that all fluid path materials of construction for products sold
into pharmaceutical, medical device, or life science applications are compliant with testing required for USP of tests required for USP
Class VI classification.

When this testing is sponsored by Repligen or one of our business partners, it is conducted by a qualified independent laboratory in
accordance with guidelines set forth by the United States Pharmacopoeia (USP) and/or in accordance with equivalent ISO standards
or protocols for biological safety. Certifications of suppliers having performed this testing are verified through additional
correspondence, as well as data review, when appropriate, to assure that the supplier information has equivalent integrity.

6.2 Background for USP Testing

All in vivo biological reactivity tests, also known as the Plastics Class Tests, are defined by the USP. Pyrogen testing is also defined by
the USP to identify the risk of fever as a direct result of injection of solution, although bacterial endotoxin test protocols are
becoming more widely adopted. Since European Pharmacopoeia protocols, defined by ISO 10993 (Biological Evaluation of Medical
Devices) differ slightly from USP test protocols, the U.S. Food and Drug Administration (FDA) is working to harmonize these
requirements in regard to medical device approvals. A comprehensive set of currently prescribed USP biological reactivity tests may
include:

e  Cytotoxicity

e Sensitization

e Irritation

e  Systemic toxicity

e  Chronic toxicity

e  Subchronic toxicity

e Intracutaneous toxicity

Repligen can provide specific validation testing support in accordance with any of the above listed test protocols for custom
applications and OEM products. Generally, representative assemblies from the most popular families of Repligen products have
been tested and successfully passed all biocompatibility tests recommended to substantiate suitability for life science applications.

6.2.1 Standard USP Class VI Test Summary

The United States Pharmacopoeia (USP) Biological Reactivity describes three in vivo tests:
1. Systemic toxicity testing
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2. Intracutaneous toxicity testing
3. Implantation test

The methodologies utilized were described in VAL-6513-v.1.0 Biocompatibility Testing Protocols of the MiniKros Sampler PES 50 kD
and PES 0.05 um. These tests determine the biological response of animals to elastomeric, plastics and other polymeric material
with direct or indirect patient contact, or by injection of the specific extracts prepared from the material under test. The USP
classification is based upon the biological responses to a series of tests for which extracts, materials, and methods of administration
are specified.

The toxicity testing procedures are based upon the use of a variety of extracts, at specified temperatures and times. Repligen
requires that all fluid path materials meet USP Class VI biosafety requirements. The results of these studies are summarized in VAL-
6514-v.1.0 Biocompatibility Testing Reports of the MiniKros Sampler PES 0.05 um and PES 50 kD.

6.3 Extractables of Post-Gamma Irradiated Filters

A controlled extractables study was performed on select PS hollow fiber filters. Filters were extracted with DI water and 20% IPA for
24 hours at 40°C. The methodologies utilized were described in the study plan VAL-6512-v.1.0 Extractables Evaluations Protocol of
PS 50 kD and PS 0.05 um and the results generated are summarized in VAL-6511-v.1.0 Extractables Evaluation Report of PS 50 kD
and PS 0.05 um. The leachables and extractables (L&E) study was performed by an accredited analytical laboratory. The results of
this study present the worst-case scenario, since neither the temperature nor dissolution properties of the solvents used during this
investigation are more aggressive compared to solvents used during routine component exposure.

Hollow fiber modules (Table 7) were manufactured and evaluated for extractables. Each module was made using current SOPs and
reflected standard manufacturing process at Repligen. The modules were prepared and met our release criteria. The modules were
then packaged and sent for gamma irradiation to represent the worst-case scenario sample.

Table 5. Extractables Sample Summary

Sample Part Number Serial Number Fiber Type

50001107-007
S02-S050-05-S 50 kD, PS, 0.5 mm
50001107-015
0.1 m2 Yes
50001106-002

S02-S05U-05-S 0.05 um PS,0.5 mm
50001106-012

GC-MS was performed on selected component extracts according to conditions as described in the study plan. All sample extracts
were analyzed for semi-volatile and volatile organic compounds. No reportable extractable peaks were observed at or above the
limits of quantitation (LOQ) of 0.1 pg/mL. Results are available in the study report VAL-6511-v.1.0 Extractables Evaluation Report of
PS 50 kD and PS 0.05 pum.

ICP-MS was performed on selected component extracts according to conditions as described in the study plan. All sample extracts
were analyzed for targeted elemental extractables. No reportable elemental leachables were detected (Table 6).

Table 6. ICP-MS Inorganic Extractables Results*

I T 20% IPA
50001107-007 (50 kD) 50001106-002 (0.05 pm) 50001107-015 (50 kD) 50001106-012 (0.05 pm)

Li
Mg
Al Not Detected

Cr
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Mn
Fe
Co
Ni
Cu
Zn
As
Mo
Cd
Sn
Sb
Ba
Hg

Pb
*0Q =0.1 ug/mL

6.4 Endotoxin Testing

Production processes are monitored to minimize sources of endotoxins. Endotoxin monitoring of the Spectrum Hollow Fiber Filter
Module is achieved by testing a Master Simulated Product at a minimum of every 3 months (quarterly). The Master Simulated
Product was designed by selecting components with the largest fluid path surface area from families that represent the suppliers’
manufacturing process and location. The test is conducted in accordance with USP <85> Bacterial Endotoxins Test via the kinetic
turbidimetric method with an acceptance criterion of <0.25 EU/mL.

6.5 Particulate Testing

Particulate monitoring of the Spectrum Hollow Fiber Filter Module is achieved by testing a Master Simulated Product at a minimum
of every 3 months (quarterly). The Master Simulated Product was designed by selecting components with the largest fluid path
surface area from families that represent the suppliers’” manufacturing process and location. The test is conducted in accordance
with USP <788> Particulate Matter in Injections.

6.6 BSE- and TSE-free Materials

Raw materials used in the manufacture of these products have been accepted for use in accordance with standard operating
procedures and meet all incoming release criteria. Repligen certifies that the components used in the production of both
membranes and filtration modules are BSE/TSE free.

6.7 REACH

A REACH compliance assessment was conducted on selected hollow fiber filters composed of polysulfone with MWCO of 50 kD and
0.05 pm pore size. Based on the review of the VAL-6511-v.1.0 Extractables Evaluation Report of PS 50 kD and PS 0.05 um and VAL-
6515-v.1.0 PS 50 kD and PS 0.05 um REACH Risk Assessment, no extractables were detected at or above the limit of quantitation
(LOQ) of 0.1 ug/mL in either membrane type. Although 19 extractables were identified, all were present at levels below the LOQ of
0.1 pg/mL. This concentration is significantly lower than the REACH threshold of 0.1% by weight for Substances of Very High Concern
(SVHCs). Therefore, no SVHCs require declaration or registration in the Substances of Concern in Articles or Complex Objects (SCIP)
database.

6.8 CA Prop 65

A CA Prop 65 compliance assessment was conducted on selected hollow fiber filters composed of polysulfone with MWCO of 50 kD
and 0.05 um pore size. Based on the review of the VAL-6511-v.1.0 Extractables Evaluation Report of PS 50 kD and PS 0.05 um and
VAL-6516-v.1.0 PS 50 kD and PS 0.05 um Prop 65 Risk Assessment, no extractables were detected at or above the LOQ of 0.1 pg/mL
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in either membrane type. Although 19 extractables were identified, all were present at levels below the LOQ of 0.1 pg/mL. These 19
extractables are considered present at levels too low to quantify accurately. The exposure level would likely fall below the No
Significant Risk Level (NSRL) or the Maximum Allowable Dose Level (MADL) for these chemicals. Therefore, the product is compliant
with Prop 65 and no warning is required.

6.9 Gamma Sterilization Validation

6.9.1 Introduction

Repligen implemented and validated a sterilization process for products manufactured at Rancho Dominguez, California. This section
provides an overview of the sterilization process; references methods employed to ensure sterility, and summarizes the validation
work completed to ensure a high standard of quality for our sterile products.

6.9.2 Method

Repligen develops sterile products in accordance with the VDmax method, ANSI/AAMI/ISO 11137-1 and ANSI/AAMI/ISO 11137-2.
This method, developed for health care products, is approved for use by the FDA. The assurance of sterility for any product can only
be objectively defined as a function of probability. The sterility assurance level (SAL) is defined as the probability of any given unit
being non-sterile after exposure to a validated sterilization process using a routine dose. The VDmax method substantiates the use
of 25 kilograys (kGy) as a routine dose. This method uses a verification dose of a SAL of 10! to attain a SAL of 10 and may only be
applied to products with average bioburden below 1000 CFUs.

The Sterility Claim for single-use fluid path products has been validated following ANSI/AAMI/ISO 11137 guidelines for VDmax?> to
provide a minimum SAL of 10°® for an established a minimum irradiation dose of 25.0 kGy. The validation was conducted using a
Master Simulated Product designed by selecting components with the largest fluid path surface area from families representing the
suppliers” manufacturing process and location. For the continued substantiation of the sterilization dose, periodic dose audits are
performed every three (3) months (quarterly). The maximum irradiation dose study was completed at >45.0 kGy and established
that the product meets its specified functional requirements throughout the two (2) year defined shelf-life.

Hollow fiber modules were exposed to maximum specified irradiation dose (40 kGy +10%) to adhere to the ISO 11137-1 guidance for
establishing the maximum acceptable dose. Establishing the maximum acceptable dose requires that a product treated with the
maximum acceptable dose meet its specified functional requirements throughout its defined lifetime.

The application of this method is not limited by batch size or production frequency. The method employs as its basis the standard
distribution of resistances (SDR) and embodies the following three principles:

1. Existence of a direct link between the outcome of the verification one dose experiment and the attainment of a SAL of 10
at a sterilization dose of 25 kGy of gamma-irradiation.

2. Possession of a level of conservativeness at least equal to that of the SDR.

3. For a given bioburden, use a maximum verification dose (VDmax) commensurate with substantiation of 25 kGy.

The VDmax studies were performed by Sterigenics® on Repligen Spectrum Modules, and ProConnex® Bags and Tubing Sets. The test
samples consisted of 48 finished, routine product samples submitted in standard, final packaging. These units were pulled from
three independent lots after completing all steps of production except sterilization. The sample products submitted for validation
testing represent the worst-case configuration that can be assembled based on average total bioburden.

6.9.3 Validating the Sterilization Process and Packaging
6.9.3.1 Product and Process Validation

A comprehensive assessment of sterility includes validation elements for both the product and the processes involved in their
manufacture and delivery. The results for Repligen sterility validation studies are detailed below.
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6.9.3.2 VDmax Sterilization Process Validation

Repligen has validated that the minimum gamma irradiation sterilization exposure for the ProConnex Fluid Transfer Assemblies (FTA)
with Filter Module Family assembled and packaged at Repligen, Rancho Dominguez, California, will achieve a SAL of 10 in
accordance with ANSI/AAMI/ISO 11137-2: Sterilization of Health Care Products — Radiation — Part 2: Establishing the sterilization
dose — Method VDmax?>.

The radiation validation study conducted by WuXI AppTec in May 2023 was based on Method VDmax?® of ANSI / AAMI /1SO 11137-
2:2013/(R)2019 (1ISO11137-2) radiation sterilization document. The procedure that was used to establish the sterilization dose is
called Method VDmax?>. Method VDmax?® substantiates a 25 kGy sterilization dose based on determination of product bioburden
and comparison of that bioburden to the standard distribution of resistances (SDR), which has a defined resistance to radiation.

Experimental verification is used to show that the response of the product bioburden is equal to or less resistant than that of the
SDR, thereby substantiating 25 kGy as an appropriate dose to achieve a sterility assurance level (SAL) of 10%. The radiation validation
was conducted on the product fluid path utilizing a Master Simulated Product. The Master Simulated Product was selected to
represent the worst-case bioburden challenge of the product family. The whole Master Simulated Product was tested, therefore a
Sample Item Portion (SIP) equal to 1.0 was used for the execution of the dose establishment study.

A study to determine the average bioburden was conducted on three separate batches of 10. The results were reported in colony
forming units (CFU) per sample and as a batch average. The average corrected bioburden was reported as 28.0 CFU. To verify the
dose of 25.0 kGy is sufficient to sterilize the fluid path of the Master Simulated Product, a verification dose experiment was
performed. The 10! verification dose was calculated using ANSI/AMII/ISO 11137-2 and the average corrected bioburden using an SIP
= 1.0. The Test of Sterility results yielded zero samples that were negative for growth. The results of this study concluded that the

25 kGy sterilization dose has been substantiated for the ProConnex FTA with Filter Module Family to achieve an SAL of 10°.

Table 7. Summary of Gamma Sterilization Validation

Validation Method

Substantiated Minimum Dose 25 kGy
Average Corrected Bioburden 28 CFU

10! Verification dose 8.2 kGy
Test of Sterility Zero growth
Sterility Assurance Level (SAL) 10®

Validation of the Irradiation Process has been achieved by conducting dose mapping at each qualified irradiation provider,
Sterigenics: Corona, California, Steris: Utah. Dose mapping establishes the capability of the irradiator to routinely process the
products included in the ProConnex FTA with Filter Module Family.

6.9.3.3 Ongoing Sterility Process Monitoring

To substantiate the continued validity of the 25 kGy dose established using Method VDmax?® to achieve a sterility assurance level of
10, dose audits are performed every three months (quarterly) in accordance with 1SO11137-1 Section 12.1. Dose Audits are
conducted utilizing the Master Simulated Product, which represents a worst-case challenge.

6.9.4 Bioburden

The bioburden level of the modules assembled with Repligen PS fibers must be < 1000 CFU per modules per the VDmax?>
sterilization requirements.

6.9.5 References

Many regulatory, guidance, and report documents support the validation of the gamma radiation sterilization process (Table 8).

Table 8. References Supporting the Validation of Gamma Radiation Sterilization
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Document Number Document Title

ANSI/AAMI/ISO 11137-
1:2006+A1:2013
ANSI/AAMI/ISO 11137-
2:2013(R)2019

ASTM F-1140-00

ASTM F-88-00
ASTM F-1929-98 (2004)
AAMITIR 17:1997

AAMITIR 35:2016

VAL 4473
(REW121622RAD.01)
VAL 4579
(REW121622RAD.01F)
346-12320-000
345-12499-000
346-12499-000
346-12320-000
300-12462-000

6.10 Conclusion

Sterilization of health care products — Radiation —Part 1: Requirements for development, validation
and routine control of a sterilization process for medical devices

Sterilization of health care products — Radiation — Part 2: Establishing the sterilization dose

Standard Test Methods for Internal Pressurization Failure Resistance of Unrestrained Packages for
Medical Applications

Standard Test Method for Seal Strength of Flexible Barrier Materials

Standard Test Method for Detecting Seal Leaks in Porous Medical Packaging by Dye Penetration
Radiation sterilization—Material qualification

Sterilization of health care products— Radiation sterilization— Product adoption and alternative
sampling plans for verification dose experiments and sterilization dose audits

Radiation Sterilization Study ANSI/AAMI/ISO 11137-2013/(R)2019 Method VDmax25 Dose
Substantiation for Proconnex FTA with Filter Module Family

Radiation Sterilization Study ANSI/AAMI/ISO 11137-2013/(R)2019 Method VDmax25 Dose
Substantiation for Proconnex FTA with Filter Module Family

Packaging Seal Parameter Optimization Report for the ProConnex Product Line

ProConnex Shipping Validation Protocol

ProConnex Shipping Validation Report

Packaging Seal Parameter Optimization Report for the ProConnex Product Line

Finished Goods/Final Package Release SOP

This information is made available to our customers to assist with their independent determination regarding what, if any, impact
the extractables reported may have on the intended purpose of our Spectrum Hollow Fiber Filter Modules.

7. Chemical Compatibility

Chemical solutions that are not compatible with the materials of construction of PS hollow fiber modules can damage the filter
module or significantly decrease filtration performance. Use the chemical compatibility as a guide (Table 9). Since variations in
temperature, concentrations, durations of exposure and other factors may affect the performance of the filter module, we
recommend that you confirm the compatibility of your process solutions and cleaning fluids through trials.

Table 9. Chemical Compatibility List: Spectrum PS Hollow Fiber Filter Modules

Acetic acid (diluted-5%) 1,4 Dioxane
Acetic acid

. . L Ethers NR
(medium concentration-25%)
Acetic acid (glacial) NR Ethyl acetate NR
Acetone NR Ethyl alcohol R
Acetonitrile NR Ethyl alcohol (15%) R
Alconox (1%) R Ethyl alcohol (95%) L
Ammonium hydroxide (diluted) R Ethylene dichloride NR
Ammonium hydroxide

. . R Ethylene glycol R
(medium concentration)
Amyl acetate NR Ethylene oxide R

Document Number:RSF-6944 Revision: 1
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Amyl alcohol

Aniline

Benzene

Benzyl alcohol

Boric acid

Brine

Bromoform

Butyl acetate

Butyl alcohol

Butyl cellosolve
Butylaldehyde
Carbon tetrachloride
Cellosolve
Chloroacetic acid
Chloroform

Chromic acid

Citric acid (2%)
Cresol

Cyclohexane
Cyclohexanone
Diacetone alcohol
Dichloromethane
Dimethyl formamide
Dimethylsulfoxide (50%)
Methyl cellosolve
Methyl chloride
Methyl ethyl ketone
Methyl formate
Methyl isobutyl ketone
Methylene chloride
N-methyl-2-pyrrolidone
Mineral spirits

Monochlorobenzene

NALCON 7647 (< 1%)

Document Number:RSF-6944 Revision: 1

NR
NR
NR
R
R
NR
NR
R
NR
NR
NR
R
NR
NR
NR
R
NR
L
NR
NR
L
NR

NR
NR
NR
NR
NR
NR

NR
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Formaldehyde (2%)
Formaldehyde (30%)

Formic acid (25%)

Formic acid (50%)

Freon

Gasoline

Glycerin / Glycerol
Hydrochloric acid (diluted-5%)
Hydrochloric acid (concentrated-25%)
Hydrochloric acid (concentratuon-37%)
Hydrofluoric acid (25%)
Hydrogen peroxide (30%)
lodine solutions

Isobutyl alcohol

Isopropanol

Isopropyl acetate

Isopropy! alcohol / Isopropanol
Isopropyl ether

Jet fuel 640A

Kerosene

Lactic acid

Methyl acetate

Methyl alcohol

Methyl alcohol (98%)
Phosphoric acid (25%)
Potassium hydroxide (1N)
Potassium hydroxide (50%)
Propanol

Pyridine

Silicone oil

Sodium hydroxide (0.1N)
Sodium hydroxide (diluted-5%)

Sodium hydroxide (25%)

Sodium hydroxide
(concentration-50%)
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NALCON 7678 (< 1%) Sodium hydroxide (concentrated)

NALCON 7330 (< 1%) R Sodium hypochlorite R

Nitric acid (diluted-5%) R Sulfuric acid (diluted-5%) R

Nitric acid R Sulfuric acid R

(medium concentration-25%) (medium concentration -25%)

Nitric acid (6N) L Sulfuric acid (6N) R

Nitric acid (concentration-70%) NR Sulfuric acid (concentrated) L

Nitric acid (concentrated) L Tetrahydrofuran NR
Nitrobenzene NR Toluene NR
Nitropropane NR Trichloroacetic acid (25%) R

Qils, mineral R Trichlorobenzene NR
Pentane R Trichloroethane L

Peracetic acid (0.1N) R Trichloroethylene R

Perchloric acid (25%) NR Triethylamine NR
Perchloroethylene NR Turpentine NR
Petroleum based oils R Urea R

Petroleum ether R Urea (6N) R

Phenol (0.5%) R Water R

Phenol (10%) L Xylene NR

1R = Recommended; L = Limited Exposure; NR = Not Recommended; U = Unknown

8. Packaging, Storage and Labeling

8.1 Packaging

New non-irradiated filter modules are dried, double bagged, and placed in a box. New irradiated filter modules are dried, and double
bagged. An irradiation sticker is placed on the inner bag. The bagged product is then placed in the box and irradiated. Non-irradiated
and irradiated filter modules are double-bagged and boxed. The inner bag of sterilized filter modules is considered the sterile
barrier.

8.2 Shipping

Repligen has conducted shipping tests on several sizes of modules, including the worst-case irradiated KrosFlo Max Filter Modules
and ProConnex Flow Paths. This testing involves exposing packaged modules to ISTA 3A General Simulation Performance Test:
Packaged-Products for Parcel Delivery System Shipment for 70 kg (150 Ib) or Less. After being exposed to ISTA 3A test conditions by
an independent test lab, the package is returned to Repligen for evaluation.

e The outer package must have no unusual external physical damage.
e  The sterile barrier must remain undamaged.
e The module itself must be undamaged and pass the standard integrity test.

Note: Packaged modules are typically placed in larger over pack cartons for extra protection when shipped.
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8.3 Storage and Shelf Life

Store new filter modules in the original packaging in a cool, dry, storage area at room temperature, away from direct sunlight. Non-
irradiated filter modules have a shelf life of 5 years from the data of manufacture. Irradiated products have a shelf life of 3 years
from the date of manufacture.

8.4 Labeling and Product Identification

8.4.1 Specification Label

Each double-bagged Spectrum Hollow Fiber Filter Module is packed in a box along with a certificate of conformance and directions
for use. A specification label is attached in three locations: on the filter module, on the certificate of conformance, and on the
exterior of the box. The specification label provides you with important information such as the part number, date of manufacture,
and maximum operating pressure (Figure 6).

Figure 6. Spectrum Filter Module Product Label Example

LN: 00000000 Lot Number
SN: 00000000-00 Serial Number

MicroKros DOM: APR.OOOO /o Date of Manufacture
Media/Rating: PS/lD kD . -
Spectrum® G’ Surface Area: 28 cm? Media Type and Rating .
Hollow Fiber Filter Max Op. Pressure: 30 psig (2 bar)  [=]g¢[w] Membrane Surface Area in the Module
il e l B DT e Code e
Rancho Dominguez, CA US

Bar Code
8.4.1.1 Traceability and Bar Codes

f) REPLIGEN PN:coz-som-os.DN//ee . Part number

PNV AW

Procedures and methods are established to identify the product and status of product throughout the Repligen manufacturing
process and distribution. Our unique serial number identification allows us to trace production and material details of any particular
filter. A serial number is printed on every product identification label and is both barcode readable (barcode Code 39) and human
readable. A typical Repligen serial number configuration is as follows:

e Serial Number: XXXXXXXX-ZZZ
Where: XXXXXXXX: Unique lot number
ZZZ: Individual Number

8.4.2 Irradiation Verification Label
An irradiated Spectrum Hollow Fiber Filter Module includes a radiation indicator label to verify proper exposure to radiation (Figure
7). The radiation indicator labels meet performance specifications as described in ISO 11140-1 Sterilization of health care products—

Chemical indicators—Part 1: General Requirements for Class 1 Process Indicators. When exposed to radiation, the label changes
color from yellow to red.

Figure 7. Example of a Radiation Indicator Label Showing Color Change

Q\ED Is

Fpos®

Unexposed label Exposed label (red)
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8.5 Spectrum Hollow Fiber Filter Key

Spectrum Hollow Fiber Filters include a label that identifies the filter module type and configuration. From the product key, you can
learn about the filter module, including type of connections, hollow fiber length, membrane type, MWCO, and more (Figure 8).

Figure 8. Spectrum Hollow Fiber Filter Part Number Key

S Kk | 02 B s | 100 Ros YN

Module Family Effective Length Membrane Type MWCO Raiting Fiber Inner Packing
C = MicroKros 02 =20cm S=PS UF (Ultrafiltration) Lumen Diameter N = Non-irradiated
D = Midikros 04=41.5cm (Polysulfone) 010=10kD 05=0.5mm 5 - Irradiated
T = Midikros TC 06 = 65 cm 050 =50kD 10=1.0mm P = Pre-wetted
S = MiniKros Sampler  KrosFlo Max Only 500 = 500 kD (PS Only)
N = MiniKros 04 =41.5cm MEF {Macrofiltration)
K = KrosFlo 05=50cm 05U = 0.05 pm
X = KrosFlo Max 06 = 68 cm

10=108cm
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