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Process development considerations \
for quality and safety of vaccines
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Presentation Overview

1| What can affect vaccine quality and safety

2| Bioburden control

3| TFF operating conditions

41 hcDNA removal

5| Excipient quality

6| Summary
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What can affect vaccine quality and safety? \

» Starting materials (seed, cell line, raw materials, etc.)
» Manufacturing practices

= Adventitious agents

= Quality control criteria and methods

» Process design and control

» Product purity

» Drug substance impurity profile

» Formulation stability

= Shipping and cold chain




MERCK MILLIPORE

The Journey of a Vaccine

GMP
Batch
Production /==

Process
Development 5
~

Processing
= Documentation
—

DSP Process Formulation

Development Development = Validation

Studies

Process 2 4
USP Process Characterization

Development

GLP Drug

gﬁ'obdsﬁﬂrt}f,ﬁ ~ Cell Bank Development

-~
\

Analytical Development

Cell Line Development y 4

Strain Selection

-—




w
o
]
o
3
=
z
x
U
3
w
z

Vaccine PD Strategy

» Use un-optimized processes to generate clinical supplies (Fast-to-Efficacy)
& Develop commercial process, methods, formulations during clinical
development

— Pros: Speed
— Cons: Another PD phase is required

= Use more rigorous methods & formulation for all clinical trials (Front-Load)
— Pros: Single development phase
— Cons: Slower to clinic

= Use either method based on product risk profile (Hybrid)

— Low risk — “Front Loading” (established vaccine; Pneumoccocal, HPV, etc.)

— High risk — “Fast-to-Efficacy” (new vaccines; i.e. HepE, HFMD, Chikungunya,
Staphylococcus, etc.)

Adopted from: Geoffrey Slaff, Bioprocess International Meeting, Boston, 2005
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Factors Affecting Vaccine Quality \

Least Controllable

I “Optimize’.............. “Characterize” I

Most Controllable




Bioburden control
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Manufacturing Process and Contraints

Biocontamination or cross-contamination can occur at different stages of the
process and for various reasons:

= Raw material

Cleaning or Sterilization procedures

Buffer and Media Preparation
USP / Cell culture
= DSP

Sterile # Closed process
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Manufacturing of Vaccine Process

[Raaw . 22 Qi

DNA removal by UF/DF
~-

Centrifugation / TFF

IEX Chromatography

| Formulation by UF/DF | OPE"
[

Sterile Filtration ]

@

Buffer and Media
Preparation

= USP:

= Cell amplification open
steps under laminar
flow

= DSP:

= Direct Open steps are
perfomed under
Laminar Flow

» Indirect open steps are
still happening




Examples of issues due to Bioburden

FDA warning letter to ID Biomedical Corp., a subsidiary of GSK
Biologicals, 12 Jun 2014

.......... manufacturing processes are inadequate to control bioburden and
endotoxin. Throughout 2013-2014 the process continued to generate Out of
Specification (OOS) results for bioburden and endotoxin.............

Source: http://www.fda.gov/iceci/enforcementactions/warningletters/2014/ucm401719.htm; accessed 13" Aug 2015

FDA warning letter to Sanofi Pasteur’s vaccine manufacturing plant in
Pennsylvania, 30 Jun 2006

........ bioburden sampling size used was not representative of the lot size in
determining pre-sterile filtration bioburden levels.......

Source: http://www.fda.gov/ICECI/EnforcementActions/WarninglL etters/2005/ucm075964.htm; accesses 13 Aug 2015




Examples of issues due to Bioburden

FDA warning letter to Medimmune, UK, 24 May 2007

.......... Three of the five FluMist bulk monovalent lots that exceeded the
interim bioburden action limits were used in the formulation of final product
(lots 600147, 600153, and 600157). We acknowledge that the subsequently
filtered monovalent lots and the final vaccine product resulting from those
lots met all specifications. However, based on FDA's experience, there is a
high probability that the observed cGMP deviations, if not corrected, would
substantially increase the risk of product failures. .............

Source: http://www.fda.gov/ICECI/EnforcementActions/WarningL etters/2006/ucm076398.htm; accessed 13" Aug 2015
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Two Key Regulatory References on Bioburden

“80. The bioburden should be monitored before sterilisation. There should
be working limits on contamination immediately before sterilisation, which
are related to the efficiency of the method to be used. Bioburden assay
should be performed on each batch for both aseptically filled product and
terminally sterilised products.”

- EMA Vol 4, Annex 1 — Annex 1 Manufacture of Sterile Medicinal Products, 2008

“It is important to characterize the microbial content (e.g., bioburden,
endotoxin) of each component that could be contaminated and establish
appropriate acceptance limits.”

“The manufacturing process controls should be designed to minimize the
bioburden of the unfiltered product. Bioburden of unsterilized bulk solutions
should be determined to trend the characteristics of potentially
contaminating organisms.”

- US FDA Sterile Drug Products Produced by Aseptic Processing, 2004




Microbiological Monitoring Programs

Microbiology
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General guidelines on bioburden control \

» Paying attention to handling of open process steps
= Environmental bioburden control and monitoring
» In-process checks

= Monitor and control bioburden of product, container,
and closure

= Bioburden control of WFI and excipients
= Minimum possible process time and hold steps

= |ntroduction bioburden reduction filtration

There is more to safety
than meets the eye.
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Where can bioburden reduction filtration be \
Implemented in vaccine process?

|
g,

- “aly,
r .". H" 1
15 = R_qller Bottle &\
Media Prep P _
P * 1 8 '»
&’J% SUCSIJEHSIGH Cell Lysis Centrifugation Secondary
uiture Clarification
Inoculums
Propagation il 1
1l t o '
s.=_,| —41 hu
Virus,
Formulation  grerils Chrnmatngraphv UF/DF Inactivation
Finish Fill Filtration {Optional}

B L_ocations for bioburden control (depends on risk assessment)



Typical vaccine manufacturing flow diagram
for a liquid sterile drug product (final steps)

Drug Substance Receipt at
Fill Facility and Storage

at 2-8°C
Pre-Filtration
\L "\ Bioburden Test
S PIALEL = |n-process control bioburden
sample pulled immediately prior
¥ to sterile filtration step
Aseptic Filling and
Stoppering

= Validation of the sterilization

J
process

100% Visual Inspection

2

Drug Product Storage
at 2-8°C

Source: Field R, Yang H, Murphy D, Alvino J, Chang S. (2003) Bioburden Control at the Sterile Filtration Step: A risk-based approach. CASSS, CMC Europe, 06 May 2013
Yang H, Li N, Chang S. (2013) A Risk-based Approach to Setting Sterile Filtration Bioburden Limits. PDA J Pharm Sci Technol. 2013 Nov-Dec;67(6):601-9.

MERCK MILLIPORE




w
o

o

o

3

=

a5 z
x

U

3

w

! =

Why Is paying attention to bioburden control \
at the PD stage is important?

» Performance of unit operation can be impacted (Chromatography, TFF)

» Product stability and degradation can be impacted (formulation stability)
= Analytical interference (QC testing)

Benefits:
» Robust scale-up
= Easy to troubleshoot process issues
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Take away message \

Pay attention to bioburden control and monitoring
during process development




TFF operating conditions can have
an impact on product stability




Concentration Profiles in a TFF Process

membrane

v

Qe

membrane

Qg = feed flow rate [L/h]

Q; = filtrate flow rate [L/h]
P = feed pressure [bar]

Pr = retentate pressure[bar]
P; = filtrate pressure [bar]

C, = product concentration in bulk solution [g/L]
C,, = product concentration at membrane [g/L]
C; = product concentration in filtrate [g/L]

k = mass transfer coefficient [L/m?*h]

IT = product osmotic pressure [bar]




How TFF can impact product quality

» Aggregation
= Stability issues due to over concentration
= Poor selection of buffers

= Air-liquid interface

» Sheering
= High pressure
=  Wrong pump selection

= Poor tank and system design

» Product degradation
= Air-liquid interface — poor tank design
= High recirculation rate and process time

» Temperature
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Microfiltration: Best done by Permeate
Controlled operation

Diafiltration  Retentate

Buffer Return

Valve to

Apply Pressure

Feed
v Tank v

=

><]

P

Feed
Pump

Feed

Pressure

Q

_O

Filtration
Module

Retentate
Pressure

Filtrate
Pump

Filtrate
Stream

R4
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Tangential Flow Filtration for the Recovery
of Acellular Pertussis Vaccine Components

Membrane-based TFF technology can ease scale-up and provide a higher
recovery percentage compored to conventional puriﬂcoﬂon methods.

RAKESH KUMAR, 5. KAFRE, PRIYABRATA PATTMAIK, SUBHASIS BANERJEE, M.5. MAHADEVAN

The commercial preparation of acellular pertussis vac-
cine depends on the effective recovery and purification
of the antigens pertussis toxin (PT), filamentous haema-
glutinin (FHA), and pertactin (PRN) from Bordetella per-
tussis fermentation. This study describes the recovery of
the antigens using an open channel 0.45-pm tangential
flow filtration module with optimization of the process
parameters of transmembrane pressure, cross flow, and
flux. Under the optimized conditions, greater than 98%
recovery of FHA and PT was obtained.

ertussis or whooping cough is an acute infec-
tious disease of the respiratory tract caused
primarily by Bordetella pertussis and less com-
monly by Bordetella parapertussis.! Pertussis
still continues to cause significant morbidity
and mortality globally. “Per” meaning intensive and
“tussis” cough: describes the clinical manifestation of

RAKESH ELUMAR, PhD iz o director and 5. KAPRE, PRD, is an exeautive director
af the Serum Instide of Indio, Ud., Fune, India, FEIWVABRATA PATTRAIE, Fhi,
iz a technical manager of the bicmanufaciuring sciences network at Millipore
Singapnre Piz. |.h:|., Singap::na-, +r55.-:5-=1'33.53ﬂ'5, Fa'iyubrufa_puﬂnm’lﬂmi"ipcre.
com, SUBHASIS BAMERJEE, PhD, is o manager of process applications and M.5.
MAHACEVAM iz a vice presidert of the bioprocess divisian ot Millipere India Put.
lrd., Bl::ngl::h:rre, [ndia.

Supplement to BloPharm International October 2009

www.blopharminternational.com
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Consideration for TFF operation to manage
product quality impact

Aggregation
= Select low binding membrane
= Qperate in controlled polarization mode (balance pump flow and pressure)
= Select buffers compatible to product

= Know the effect of product stability over required concentration range

Sheering

» Avoid high pressure operation and large pressure drops
= Select low shear pump (peristaltic or low speed sanitary lobe pump)
= Use sanitary valves and fittings. Avoid reducers in TFF system pipeline

Product degradation

= Avoid air-liquid interface (ensure retentate/diafiltrate lines are submerged
= Maintain homogeneity (ensure feed tank is well-mixed)

= Optimize pump rate (product recirculation)
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Best Practices for
Optimization and Scale-Up of
Microfiltration TFF Processes

By BALA RAGHUNATH® WANG BIN, FRIYAERATA FATTMAIK, and JERDEN JANSSENS

Introduction

angential flow filtration { TFF) is widety
weed im biopharmacentical processing for
protein purification —a common application
fior TFF is nltrafiltration for concentration’
diafiltration of proteins. In this type of
application, the product protein is retained {concentrated)
within the feed side of the altrafiltration menbrane,
while the huffer components and other small mpurities
{=maller than the membrane pore sixe} freely pass through
the membrane inio the permeate sde. Several scholardy
artides are vailable im fterature™* which disoass the
altrafiftration applicatios as well as ils optimization

strategies.
Another categury of application whese TFF finds
significant use is in the clarification of cell colire
biorescinr and microbial fermenter feed salutions
usimng microfiitration membranes. In some of these
microfiltration TFF applications {eg., mammalian czll
culture carification], the prodact (protein) freely passes
throngh the micnfltration membrane and is recovered
on the permeaie side, whils Lhe contaminating imparities
{icells, cell debris, colloids) are retained on the fed side
of the membrane. In certain other microfltration TFF
applications (allasinic fluid darification in egg-based fio

process), the produd (B vires) may get concentrated on
the feed side of the microBliration membrane {sEnilar
to am ulizafiltration step), whils the comtaminating
impurities {ovalbumim, etc.) may get removed into the
permeate side.

In efther category of microSitration TFF applicatinm,
a noteworihy featmare i the low transmembrane pressores
[TMP) {in the range of 1-3 psi) required for the process
operation. Secomdly, a microfiltration TFF step is also
limited by 3 maxizmemn thronghpat or capacity oblaimable
under a given set of cperating conditions, which may
poitemtially imit or determine process sizing. The low
TMP requirement, along with ke pobential throaghpot
limitations, demands a special approach or methodology
1o develop a robues, optimzed process conditics for a
microfliration TEF process. While there i a fair amoust
of literature that describes the theory and propensity for
Foaling of 2 microfiltratios TFF process' ™", a praciical
method for develaping and optimizing a microfltration
process in biopharmacentiml processing is often not
dheasly treated or defimeated.

The current artide is devoted to describisg a robust
methododogy to develop and optimize 2 miciltration
TFF process.

ABOUT THE AUTHDRS
Baly Raghanath, Pil, i the Direcor of fdaindta Bloktamriaciering Sdenos Natmok, Merck Millpom, Shgapore.
Wang Bir, M5, ks the Manager of BioMansfcuring Sclances Matwork, Marde Millpore, China
Priyebrata Passalk, PhO, is the Secheical Manager of Blomanefacturing Sclences Mabwork, Mard: Miflpore, Singzpoe
Jaren Jaresems, BE, 15 2 Biomanufacuring Engirese; Merck Millpors, Balglum.
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Take away message \

Pay attention to impact of technology or tools on
antigen aggregation and degradation during
process development




Nucleic acid removal




Vaccine and hcDNA

» Viral vaccines and biological products contain contaminating residual
DNA from cell substrate

» Primary and diploid cell based vaccines is not of concern, but continuous
cell line is a concern due to potential oncogenicity

» WHO Expert Committee on Biological Standardization says.................

“DNA considered as cellular contaminant rather than risk factor which
requires removal to extremely low levels”

» The amount of residual cell-substrate DNA in a vaccine will depend on
the vaccine and the manufacturing process
- protein/subunit (e.g., HBV)
- inactivated virus (e.qg., IPV, influenza virus)
- live, attenuated virus (e.g., OPV, MMR, varicella)

28




Reqgulatory requirement on Purity and Safety
- Residual DNA content

EMEA position on tumerigenic cells of human origin

FDA: Case by case

Reduce size (<200bp) DNA as low as possible with risk assessment study
10 ng/dose 100 pg/dose ammall 40 pg/dose Jamm gl 10 pg/dose
WHO 1998 WHO 1987 Per.C6 HepB (CHO)
Vero* and MDCK* Adeno-HIV EU Pharmaco

Based Viral Vaccine

* Non tumerigenic at the passage of production.
29 * DNA <10 ng/dose commonly accepted




Interference caused by nucleic acids \

Increase of viscosity
» Impedes liquid handling
» Extended risk of proteolytic attack

» Reduced efficiency of separation methods
(filtration, centrifugation, chromatography)

Formation of protein/nucleic acid complexes
» Changes in virus / protein characteristics

» Unpredictable purification
(shift in pl, retention times etc.)

30



How to remove residual DNA

» Precipitation (Acid/base treatment, organic solvent)
- Ex. Conjugated polysaccharide vaccine
» Treatment by B-propiolactone (BPL)
- Ex. Killed viral vaccine
» Adsorptive Depth Filters
- Inactivated Polio
» Chromatographic methods
- Bind and elute (chromatography media)
- Flow Through (membrane absorber)
» Nuclease treatment — regulatory authorities recommend
- HepA, LAIV, Rabies, HPV
» Tangential Flow Filtration (TFF)
- Several vaccines

31




Clearance of Benzonase® digested DNA from \
Influenza vaccine (Pellicon® 2, Biomax® 300kDa)

» Lane 1 — Marker (100 BP)

» Lane 2 — Undigested DNA in
Feed

= Lane 3 — After Benzonase®
digestion

= | ane 4 — Post Recirc retentate

» Lanes 5, 6, 7, 8 — Retentate
samples after 1, 3, 5, 8 DV

= | ane 9 — Permeate at 5DV




Diafiltration of Residual Benzonase®

®
Benzonase Diafiltration
100.00%
=

10.00%
]

IE i

E 1.00%
m
=
-

X 10w

0.01%

0 2 4 8]
Diavolumes (N)

- Experiment

fors=1

-

—_ — —fors=0.20

99.5% clearance at 5 diavolumes and > 99.9% (3 log) clearance

after 8 diavolumes across the UF/DF step

33
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Fractogel® SO3 for removal of spent
Benzonase from AAV vaccine process

>
o >
E 8
o P

Purification by
Chromatography

34

HARVEST
by
CENTRIFUGATION

CELL DISRUPTION

CENTRIFUGATION

SUPERNATANT

Discarded

FILTRATION

ION
EXCHANGE
CHROMATOGRAPHY

FILTRATION

HYDROPHOEIC
INTERACTION
CHROMATOGRAPHY

SOLIDS

Discarded

Fractogel® SO3

“Adeno-assocuated virus (AAV) and
DNA can form aggregates, since there
is a net positive charge on AAV at pH
7.5 and negative on DNA

“Digesting cellular DNA in by adding
Benzonase® in lysis buffer prevents
binding of DNA to AAV during and
after the cell rupture step

® Lysis Buffer: 50mM Tris, 2mM MgCl,,
and 5U of Benzonase®/million cells at
pH 7.5

SOURCE: Chahal et al., Journal of Virological Methods 139 (2007) 61—70.
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in Viral Vaccine Manufacturing
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Take away message \

Integrate nucleic acid removal as one of the
essential product quality and safety criteria during
process development phase




Quality of Formulation Excipients
Impacts drug product safety




Typical Composition of Vacci
Formulations

...this is a very generalized overview,
other compositions are possible

3%

ne

—
gm—

Buffers/ pH adjustments
Tonicity adjustments
Sweetening agents

Preservatives/
Antioxidants
Surfactants

Stabilizers

95%

1-2%

38
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Some considerations for chemicals (ICH Q6)\

Potential process-related impurities

Bioburden, endotoxines, enzymatic
activity

Leachables and extractables from
transport containers

Impurity profiling: covers manufacturing
process and raw material

Residual solvents and catalysts
Non-animal origin

Production designed to eliminate such
impurities or to prevent from potential
contamination

GMP zone concept in manufacturing
and downfilling

Rigid qualification principles for primary
and secondary packaging material
Stability studies for solids
Leachables/extractables studies for
liquids
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Choose the right type of quality — \

partly interchangeable

= CCM / Bio Process material:
intended to be removed from
the final formulation

Bio quality.
may also be useu
as excipient, if of

pharmacopoeial \

grade Exp quality:
may also be used

ocess material
le)

N

uality

e user’
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Understanding source of variability In
excipient is critical for product quality

Excipients are an essential component of Control
robust, commercial pharmaceutical drug Sl
products. Understanding variability in eEs o
excipient material attributes is an integral Critical Attributes
part of drug product design and

development. bt Gain
Development
Assessment £ :
Xperience

Understand Sources of Variability in Excipients

Source: Joseph Kushner (2015) Incorporating QbD Excipient Variability into Pharmaceutical Drug Product
Design and Development: Perspective from an Excipient User, BioPharma Asia, May/June 2015, 42-48.




Case Study: Typhoid vaccine (Vivotif®) has 3.6-
4.4mg Magnesium stearate as stabilizer per dose

Extent of variability and specification
range of two material attributes for 154
lots of magnesium stearate

A Stearic Acid (Spec: not less than 40%)

70
60
g s0 -
E 40
= 30
20
10
g+ ns . . ———————————r——

!OH464952555861645?70137579!28588919‘!?1W

8 Tapped Density (Spec: 0.18 - 0.33 g/cc)

E hl]ll -

n_ N

B o 5 A& el ] %
R 6"’)‘2 J 1,;(" 01'9'}‘(,&;’@9’ '\.Q,;(f’@#’@m Q‘:@‘f’&&{;&“‘b
Bin

List of the Quantitative Material
Attributes on the Certificate on
Analysis for the Excipients

Source: Theresa M. Finn and William Egan. Vaccine additives and manufacturing residuals in the United

States: licensed vaccines. In. Vaccines, ed. Plotkin SA, Orenstein WA, Offit PA. 6th Edition, Elsevier. pp71-79.
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Increasing GMP requirements* for different
product groups

* examples, non-exhaustive

A

Cleaning in
Place

*1SO 9001 QMS
requirements

GMP / Regulatory Requirements

Bio

Process

GMP princip.
*MiBio tests

Cell Culture
Media

Emprove®
Excipients

IPEC GMP
«Stability tests

*GMP raw data | «Q approved

document'n, prod batch rec.
*O0S handling ' «On-site audit

-4 eye principle: «Annual report

| Materials

e

*Validated test
methods,

sconsistent
operation,

Emprove®
APIs

ICH Q7 GMP
Validated
process
equalified
equipment
*Master file,
CEP
*Registration
at authorities

Product groups
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Take away message \

Select appropriate excipient early in the process,
preferably at PD or process characterization
phase to ensure final product quality and safety
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Summary \

» Pay attention to bioburden control and monitoring during process
development

> Select technology or tools used in vaccine processing with clear
understanding of it's impact on vaccine aggregation, antigen sheering
and degradation

> Integrate nucleic acid removal as one of the essential product quality
and safety criteria during PD phase

> Select appropriate excipient early in the process, preferably at PD or
process characterization phase to ensure final product quality and
safety

45



vaccine development.

merckmillipore.com/vaccines

Merck Millipare is a division of ;MEREK :

Priyabrata Pattnaik, PhD
priyabrata.pattnaik@merckgroup.com

twikker @pattnaik_p

Linked [T}
https://sqg.linkedin.com/in/priyabratapattnaik
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