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“Bioburden” — what is it?

PIC/S Glossary:

Bioburden

The level and type (e.g. ohjectionable or not) of micro-organisms that can be
present in raw materials, API starting materials, intermediates or APls.
Bicburden should not be considered contamination unless the levels have been
exceeded or defined objectionable organisms have been detected.

Bioburden happens......
: o

The undesired introduction of impurities of a chemical or microbiological nature,
or of foreign matter, into or onto a raw material, intermediate, or API during
production, sampling, packaging or repackaging, storage or transport.
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PROCESS AREA

Environmental Contamination

Personnel
Carryover Equipment
Airborne Contaminants
Clothin
Crossover Packag?ng

Etc. Etc. Etc.

Environmental
-Carryover
N

= ~
Crossover

Raw
Materials




Contamination —

_et the “fun” begin

L

Root Cause Analysis
*  Which tool to use?

Define the Road Map
Structure the Process

Define the Team / RACI

Communication Plan i

» Chronological order
* MBR / Logbook Review

ol ° Interviews )

N
» Batch data review

* Hold time Review
* Testing Protocol Dev.

» Work order history
* Process maintenance
Ve Eaes  interviews

)

Investigation -~ Team Structure

* Alarm History h

* Valve Sequencing
\titelnt1itels] © CIP / SIP report

« Sampling Plan h

» Organism ID

* IPT results )

» Compliance review
» Change Controls

& ISPE.




Investigation — Let the “fun” begin

We have a contamination...... relax?
» |solate the situation, As Found State Review
» Prevent the easy / common RCA. Trust the Process

Transfer Line SIP (Pre-Nutrient Addition
I Work Order .

Increased

Steam Press || Failed Work Order
A P el 1 o placed / Re-SIP
/ Elastomer
/ / Nutrient Feed

» Re-Asses Problem Solving tools; 5 Whys, Fault Tree
Analysis, PEMME, Ishikawa (Fishbone), etc etc

Investigation Data

Raw Material review — Everything PASSES
Alarm History — Nothing of interest

Review of CIP and SIP cycles

* Vessel — PASS

* Media sterilization filter(s) — PASS

* Inoculation Line — PASS

* Nutrient Vessel — PASS

* Filter Integrity Tests - PASS

e But........ Lets take a closer look




I t. t. D t S I I I { .
TC Serial Number Exposure Min Exposure Max Exposure Avg Fo
101A-TO1 123.71 132.93 129.36 72.45
102A-T02 123.71 132.92 129.35 72.29
103A-T03 123.02 132.94 129.26 71.54
104A-T04 123.32 132.89 129.26 71.32
105A-T05 123.47 132.98 129.35 72.77
106A-T06 123.38 132.95 129.32 72.34
107A-TO7 23.46 32.95 129.32 7219
108A-T08 68.44 99.7 88.84 0.02
109A-T09 122.95 132.54 128.33 59.54
112A-T12 122.36 132 128.34 57.78
201A-T13 122.45 132.11 128.48 59.58
202A-T14 23.21 132.66 129.09 67.8
203A-T15 17.58 132.5 126.09 34
204A-T16 120.17 132.94 129.2 71.36
205A-T17 114.42 132.11 127.32 52.98
206A-T18 123.53 132.92 129.31 71.89
207A-T19 123.89 132.75 129.21 69.52
208A-T20 123.8 132.94 129.38 72.7
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Investigation Data — SIP Review

Transfer Line SIP

Exposure Exposure
TC Serial Number Exposure Min Max

PASS

101A-TO1 135.2 139.46/553.9
* F,—the more the better?  wmw 135.09 139.
103A-T03 134.85 139.18 520.36 ||
* Look deeper
T 104A-T04 124.54 13076 84.23
* Temp variation between TC’s
° Excessive temperature 105A-T05 128.05 137)01 381.55
106A-T06 134.86 13
108A-TO7 134.93 139
109A-T08 134.95 139.
111A-T09 124.38 . 128. |
201A-T10 134. 139.
202A-T11 135.01 . 139.3
203A-T12 134.79 . 139.03\501.6:
204A-T13 28.61 4 137.78
205A-T14 4.21 3 57.08 0
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Design Standards

ASME BPE-2016

Equipment Longevity — Soft Parts

e <130°C SD-2.3.1.1 Steam-in-Place. Equipment parts and (16)
components subjected to SIP should be designed and
constructed to withstand continuous exposure to satu-
rated steam at a minimum temperature of 266°F (130°C;
representing 24 psig/1.65 bar under saturated steam
conditions) for a duration of at least 100 hr under contin-
uous steady-state conditions. All process contact sur-
faces subjected to 5IT shall reach the required
temperatures, under the required saturated steam pres-

sure conditions, during the SIP cyele. Executing SIP

gguipment life, SIP conditions that are more stringent
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Pressure rise w/o temp increase Saturated Steam Table
Unsaturated (air trapped) Pressure [Temperature|Temperature
f (PSIG) (°F) (°C)
) 0 212 100
S | . 1 216 102
n % l Temp rise w/o 2 219 104
E | Superheate 4 224 107
P 5 227 108
| 6 230 110
v 7 232 111
Supersaturated 8 235 113
Temperature °C f; fi: 11114
Saturated steam curve 15 250 121
«  Monitor temperature and pressure 20 259 126
24 266 130
. . 25 267 13T
» Effective draining 30 >74 134
35 281 138
No vacuum 40 287 142
45 292 144
« Maintain integrity/closure >0 298 148
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Key Factors

Design

Maintenance Installation

Operations Qualification

Key Factors

] Process / User Requirements
Design

Single Use? Stainless?
Sterile Boundary definition

Utility requirements / sizing

HAZOP / Risk Assessments

Automation vs Manual controls

ASME / BPE Standards — 2016




Design

16.  Equipment used during handling of live organisms should he designed to
maintain cultures in a pure state and uncontaminated by external sources

during processing.

17.  Pipework systems, valves and vent filters should be properly designed to
facilitate cleaning and sterilisation. The use of "clean in place” and "“sterilise in
place” systems should be encouraged. Valves on fermentation vessels should
be completely steam sterilisable. Air vent filters should be hydrophobic and
validated for their scheduled life span.

ANNEX II: PREMISES AND EQUIPMENT

Key Factors

Installation Dead legs

Properly sloped piping
Weld inspection

Piping runs / Flexible hose

Connection alignment

Walk Downs




9.1

2.10

2.11

2.12

5.13

Design and Installation
PROCESS EQUIPMENT @Ic’s

Equipment used in the manufacture of intermediates and APls should be of
appropriate design and adequate size, and suitably located for its intended use,
cleaning, sanitization (where appropriate), and maintenance.

Design and Construction

Equipment should be constructed so that surfaces that contact raw materials,
intermediates, or APIs do not alter the quality of the intermediates and APls
beyond the official or other established specifications.

Production equipment should only be used within its qualified operating range.
Major equipment (e.g., reactors, storage containers) and permanently installed

processing lines used during the production of an intermediate or API should be
appropriately identified.

Connecting Pharmaceutical Knowledge ispe.org \ 1 7

Qualification

Key Factors

SIP Recipe Development

Temperature Mapping
Biologic Reduction Challenge

Post Validation Monitoring
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Qualification

Process Contact: a surface under design operating conditions that is in
contact with, or has the potential to be in contact with, raw materials, in-
process materials, APls, clean utilities (e.g., WFI, CIP, pure steam, process
gases), or components and where there is a potential for the surface to affect
product safety, quality, identity, strength, or purity

Product Contact: a process contact surface that is in contact with, or has the
potential to be in contact with, a product where product is defined by the
owner.

18.34 Cell culture equipment should be cleaned and sterilized after use. As
appropriate, fermentation equipment should be cleaned, and sanitized or
sterilized.

18.35 Culture media should be sterilized before use when appropriate to protect the
quality of the API.
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Qualification- Define Closed

« Select Subject Matter Experts (SMEs): Quality, Manufacturing, R&D

* The Program. Define “Closed”. Set the Risk Assessment Parameters
« Develop Impact (Severity) & Likelihood Criteria
* Pre-Establish Risk Matrix
* Use Tools for systematic evaluations
* Develop Closure Philosophy and Strategy

» Understand your process & systems, PFDs, Protocols, Batch
Records
« Evaluate and Confirm “Closed”
* Assess & Develop Sound Risk Mitigation Plan Based on Science &
Engineering NOT on Perception of Regulatory Requirements or
Legacy

Connecting Pharmaceutical Knowledge ispe.org \ 20




Key Factors

. Procedural Controls (SOPs)
Operations

Process Training — Levels

Operational Controls

In Process Testing / Monitoring

~

Operations / Maintenance

Operations is not a 1-Department activity
«  Design/ Start-up
*  Shut-Down
«  Return to Service (RTS) execution
« Data Review via Dashboards, KPI’s

Maintenance Involvement

*  Supe / Operator Involvement

* Building collective expertise & competency

*  Training: Competency-based / future SME’s

*  Co-Ownership / Shared R&R : FE, Metrology, QA, Eng, Ops
e OEM




Operations

18.30 Where aseptic addition of cell substrates, media, buffers, and gases is heeded,
closed or contained systems should be used where possible. |f the inoculation
of the initial vessel or subsequent transfers or additions (media, buffers) are
performed in open vessels, there should be controls and procedures in place to
minimize the risk of contamination.

18.31 Where the quality of the APl can be affected by microbial contamination,
manipulations using open vessels should be performed in a biosafety cabinet or
similarly controlled environment.
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Operations

Implementation
Fixes

Design &

Operation &

Qualification Maintenance

» Exhaust Filter
Condensation Removal

« Sterile Boundary &
Visibility

» Maintenance Program

» General Housekeeping

« SIP Strategy and » Standard Torque Valve

Validation
* Bio-Waste Venting
 Sanitary Connections

* Diaphragm Valve
Maintenance

¢ J-Tube (2k) direction
into the overlay

» Exhaust Heat
Exchanger

Installation

* Correct Line Slopes To
Remove System Low
Points

* Align Pipework & Filter
Connections

+ Sanitary Connection
Evaluation

* Bioreactor design
(Complex)

» Gasket Replacement

* Implement SIP/CIP
Automation Changes

* Training & Awareness

» Maintenance Program
Enhancements

» Return to Service
Protocol

* Major Change
Management Plan

* Training Enhancements

* Training —
Manufacturing

* Training — Facilities

» Equipment Reliability

Connecting

& ISPE.

Pharmaceutical Knowledge

ispe.org |
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Maintenance

Key Factors

Preventative vs Predictive

Training
SOP’s / PM / Checklists

“Like for Like” changes

o

i
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9.2

9.24

9.29

: Schedules and procedures (including assignment of responsibility) should be D
blished for the preventative maintenance of equipment. - —

21 Written procedures should be established for cleaning of equipment and s
equent release for use in the manufacture of intermediates and -APts

Maintenance

Equipment Maintenance and Cleaning

N7

Non-dedicated equipment should be cleaned between production of different
materials to prevent cross-contamination.

Acceptance criteria for residues and the choice of cleaning procedures and
cleaning agents should be defined and justified.
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Maintenance
rw \
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‘ M a I nte n a n Ce Best Practices

S . Trend Analysis

c— . Metrics

-E; HIGH . Audit Program (internal & external)
N Good Practices . Risk Assessments

é . Maintenance Plan & Program . Continuous Improvement Program
o— . CMMS Equipment Reliability Program
'5_ . Change Mana Return to Service Program

O . Assess anagement Program Contractor Control/Training
< . oved Vendors/Contractors . Predictive Maintenance

C Job Descriptions/Development Plans * Life Cycle Management

o Deviation Reporting . Master Planning

= cGMP Training . FMEA Analysis

(,3 Maintenance Controls . Run Time Maintenance

—_— Spare Parts Management

= Basic Practices

DN = Minimal Maintenance Program

+— I Calendar Based PMs

(O B Some “repair as you go”

& . Technical Training ’
<<

LOW . o egs
Maintenance Activities HIGH

)
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“Maintenance” — Routine Monitoring

In-Process Testing (Process vs Product)

Alert Level vs Action Level — when to ID?

Develop a library of local flora — know your enemy!!!

 Gram (+), Gram (-), Facultative Anaerobe, Spore forming?

= S

Sample No Area Levels Area Levels
1 Scale Up >0 CFU/mL Chrom 100 CFU / 10mL
2 Harvest 1 CFU /10 mL Formulation 10 CFU /10 mL

3 Sterility — Harvest 10 CFU /1 mL BDS 1-4CFU/10 mL




Is Maintenance Important?

‘, zi 7




Summary

« Cannot over come design deficiencies with increased
steam pressure

* Air and water hold up are SIP enemies
» Design using ASME BPE - that’s why it’s there
« Utilize Risk Based Maintenance NOT Calendar

» Evaluate process closure / Monitor routinely / Prepare &
React accordingly

Questions?
Please use the microphone indicated so

our recording includes audio of your
question




Back-up slides

Eladslunre s. |
Diaphragm size (MG) Guide values for seal materials ) A
Fastening EPDM PTFE ::Iaj—lT—p
MG |AxB/LK[mm]| OIS Torque [Nm) Torque [Nm] { {7
[l Wy
Min Max Min Max = =l

8 22 %22 axma 0.6 0.8 0.8 12 W

10 39 x 44 4xM5 1.2 16 1.2 2.0 %_ |

20 445x40 | 4xM6 | 2.0 3.0 4.0 5.0 =
25 54 x 46 axM8 5,0 6,5 6,0 8,0

40 70 65 4xN10 | 8.0 10.0 14.0 16.0

50 B2X 78 4xmiz | 120 14,0 20.0 22.0

65 102x95 | 4xMi2 | 18.0 21.0 30.0 33.0

80 127x114 | 4xM16 | 35.0 40.0 60.0 66.0
100 0194 gxMi2 | 40.0 45,0 50.0 60.0 IZ e
125 0222 BxM16 | 50.0 55.0 60.0 70.0 / A= '—“%%;\S\\\
150 @273 10xM16 | 55.0 60.0 60.0 70.0 / 87, A
200 o 381 14xM16 | 55.0 60.0 60.0 00
250 0438 14xM22 | 70.0 80.0 90.0 1100 T — 1
300 @ 507 14xM22 | 70.0 80.0 90.0 110.0 AN 8/

_ R IR N W
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WHY ARE CLOSED SYSTEMS IMPORTANT?

PROCESS AREA

Environr-- amination

Carryover n ingd
E\,e\' C“a gco“\t\'o\ _nants
Crossover ss‘\b eto _.naging
‘mpo Etc. Etc. Etc.
Environmental l
Carryover

N

\ )

=~ —
Crossover

Raw
Materials




PHARMACEUTICAL INSPECTION CONVENTIO

(PIC/S)

£ c’S PHARMACEUTICAL INSPECTION CONVENTION i ls FHARMAGEUTICAL INSFECTION CONVENTION
(_/ PHARMACEUTICAL INSPECTION CO-OPERATION SCHEME Vpl PHARMACEUTICAL INSFECTION CO-OFERATION SCHEME
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Aonex2 Manuscture of bislogical medicinal products fr human use

ANNEX 2

MANUFACTURE OF BIOLOGICAL MEDICINAL
PRODUCTS FOR HUMAN USE

SCOPE

The metheds employed in the manutscturs of biological me dicinal products are
a oritical factor in sha e appropriate requiatory control.  Biological
medicinal products can be defined therebre larely by refrence % their
method of manufacture. Biological medicinal products prepared bythe following
mathods of manufacture wil fsil underthe scope ofthis annex

Worobial cuttu res, excluding those resuting from r-DNtechniques

b hdorobial and cell cuttures, ineluding those resulling from recombinart
DHA or hybridoma teshriqes

Enraction from bislogioal tissues

Prapa gation oflive agents in embryos or animals

(Mot all of the principles of this quideline may necessarly applyto produces in
category a.)

Mote: | drawing up this guidance, due considertion has been gien  the
general requirements for manufacturing establishments and sorirol
HO.

Izboratories proposed bythe

The present guidance doss not lay down detsiled requirements fr
epedific dasses of biolagical produsts.

PRINCIPLE

The manutscture of biological medicinal products invshes certsin secific

considerations arising fom the nature of the produdts and the processes. The

way in which bielogical medicinal predudts are produced, controlled and
s0me particulary

Unlike convertional medicinal products, which sre reproduced using chemical
physical tachniques capsble of 3 high degree of consistency, the

Bbbgkal medihal predick mawtetied by ere metode hohd: uacehss,
mmomeE, aias, lomows, ook r prodicts of
R me it Geldig Mo ockiala bodks a1d prodvets de ed fiom -DNA).
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