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Introduction

PART 2Oncolytic Viruses Series

GMP MANUFACTURING OF 
ONCOLYTIC VIRUSES 

In the first part of our oncolytic viruses (OV) series, Chief Scientific Officer Kai Lipinski, PhD 
discussed the promising potential of OVs as new cancer treatments. However, OVs can be 
extremely complex to develop and commercialize. Part two of our series deep dives into the 
manufacturing processes to bring OVs to the clinic and beyond, exploring the critical steps and 
considerations all drug developers must be aware of. Kai also discusses the advantages of a 
contract service partner when bringing such critical innovations to market.

The oncolytic viruses (OV) market is projected to 
reach $962 million by 2030*. As more and more 
treatments enter development, the demand for 
streamlined OV manufacturing is also on the rise. 

The sector needs to overcome several challenges 
to bring these transformational cancer therapeutics 
to the clinic. There are production, formulation, and 
product stability issues, and additionally, quality 
control (QC) release assays can be challenging 
to develop and fully validate in line with ICH 
Q2. Particularly, biological potency assays can 
show high variation in precision, and from a 
manufacturing standpoint large, non-filterable 

viruses, require full aseptic processing and aseptic 
validation and are produced in a controlled class 
B/A GMP cleanroom environment, in case that  
open product steps are involved.

Working with the right contract development and 
manufacturing organization (CDMO) partner is 
essential to advancing OV products successfully 
to the clinic and market. CDMOs offer specialized 
know-how in CMC (chemistry, manufacturing and 
controls) and in navigating global regulations. In 
this whitepaper, we will discuss the critical steps 
involved in manufacturing along with important 
considerations at each stage. 

Critical Steps and Key Considerations

*Data extracted from Global Oncolytic Virus Therapy Market Outlook 2021

Kai Lipinski, PhD, CSO
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Viruses are highly heterogeneous and, 
therefore, there is no ‘magic bullet’ cell  
line suitable for manufacturing all kinds  
of live viruses and viral vector products. 
Common cell lines currently used for OV 
manufacture include:

• Vero

• A549

• HeLa S3

• HEK293/HEK293T cells

• Primary Chicken Embryonic Fibroblasts (CEFs)

In addition to cell lines, embryonated eggs 
(specified pathogen-free) are also an option if the 
OV cannot be produced in continuous cell lines 
to sufficient titers, such as for NDV (Newcastle 
Disease Virus) or MVA (Modified Virus Ankara) and 
other Poxvirus-based OV products. EB66, a cell line 
developed by Valneva®, or AGE1.CR.pIX ®, a cell 
line developed by ProBioGen AG, could be used as 
alternatives to Vero or CEFs for OVs based on NDV 
or Poxviruses.

Cell Line Selection

Key considerations:
Vero cells for varying applications: Vero is the 
popular choice for live virus manufacturing as it is 
suitable for viruses from different families due to 
a defective innate anti-viral defense mechanism*. 
Vero cells are now commonly grown as adherent 
culture under serum-free conditions, but adaptation 
to suspension should be possible.. With suspension 
cell culture, Vero’s success in generating robust 
cell substrates and virus productivity is yet to be 
determined. Of the above-mentioned cell lines, 
HEK293/T and HeLa grow well under serum-free, 
suspension conditions once adapted to the select 
media, and grow mostly as single-cell cultures. 
While using Vero cells, the lowest possible passage 
number (< p140) should be used for production as 
tumorigenicity increases with passage number.

Cell lines for oncolytic adenovirus (OVAd) 
manufacturing: Human-derived cell lines deficient 
for genomic adenoviral sequences, such as 
A549 and HeLa S3 cells are preferred for OVAd 
manufacturing. Still, the generation and level 
of contamination with Replication-Competent 
Wildtype-Adenovirus should be monitored. While 
using HEK293 cells, this contamination monitoring 
is even more relevant due to the genomic Ad5 
sequences, which can lead to recombination with 
the vector-derived adenoviral sequences.

*(Desmyter, J. et al., 1968; J. Virol. 2:955-961).
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Cell Line Selection

Cell lines for enveloped viruses: When selecting a 
cell line for enveloped viruses, the in vivo efficacy 
should be considered early on. Enveloped viruses 
comprise the envelope from the host cell with 
viral proteins embedded into it. Therefore, some 
immunological markers are host-cell specific and 
the in vivo efficacy of the OV might be affected 
by such host-cell-specific marker molecules. How 
does the cell line (human vs. non-human-derived) 
affect the OV’s efficacy in pre-clinical toxicology 
studies and finally in patients?

Cell line productivity: OV productivity [e.g., 
infectious particles (IP)/mL bioreactor volume 
or IP/cm2 growth surface], MOI (Multiplicity of 
Infection) and potential Drug Product (DP) clinical 
dose should be brought in alignment early in 
the development process. Failure to do so could 
jeopardize clinical efficacy, costs per dose and 
product market viability.

Cell line shipping and permitting: Further, when the 
transportation of cells between different countries 
is needed, CITES (Convention on International 
Trade in Endangered Species of Wild Fauna and 
Flora) regulations and the license for cell cultures 
derived from protected animals (i.e. Vero) must be 
considered early on, as it could take up to 6 months 
to ship cells to a necessary partner i.e. CDMO or 
CRO.

In general, suspension cell culture 
platforms provide added benefits over 
adherent platforms due to their ease-of-use 
and scalability. Starting cell expansion for 
suspension processes commonly begins in 
shake flasks. 
For scale-up, different bioreactor systems – 
cylindric or cubic-shaped – with capacities up to 
5000L (in single-use offerings) can be used from 
companies such as Sartorius, Cytiva, Thermo Fisher 
Scientific, Abec, and more. Rocker-style bioreactors 
(Cytiva WAVE™ and Sartorius Biostat® RM) are 
often used as intermediate vessels to inoculate the 
final vessel, such as the stirred-tank bioreactor, but 
can be used as the final vessel as well. Wave bags 
are now also available with integrated perfusion 
membranes (Sartorius), allowing high-density 
cultures to be used either during cell build (e.g., 
n-1 passage) or as production vessels. Further, 
perfusion systems for high-density production 
culture operation are available, e.g., ATF system 
(Repligen) or flexible TFF-systems, all of them 
integrable with all current key SUB suppliers.

Suspension  
Cell Culture

 
Photo: Electron Micrograph of VSV                                                                   

Centers for Disease Control and Prevention
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In the case of adherent cell culture, scale-
out is possible with roller bottles, scalable 
cell culture vessels (Corning CellStacks®, 
Hyperflasks®, and HyperStacks®, or  
Thermo Fisher Scientific Nunc™ Cell 
Factory™ systems), micro-carrier  
bioreactor processes (rocker-style or 
stirred), and fixed-bed bioreactors. For 
large-scale production, bioreactor systems 
are preferred over cell culture vessels, as 
they reduce operator hands-on time  
and contamination risk while ensuring 
batch homogeneity. 
Fixed-bed bioreactors are a promising alternative 
to suspension cell culture. The iCELLis® fixed-bed 
bioreactors manufactured by Pall Corporation 
are very robust and have been shown to support 
a wide range of cell lines for the production of a 
panel of diverse viruses. They come in two versions 
for seamless scale-up – a process development 
version (iCELLis Nano) and a scale-up, GMP-
compliant system (iCELLis500+) with production 
range of 66–500 m2. The system can be operated 
with medium perfusion or medium-recirculation 
loop. Other promising fixed-bed systems are the 
scale-X™ bioreactor invented and manufactured  
by Univercells Technologies, and the BioFlo®  
from Eppendorf, which uses the Fibra-Cel  
disks technology. 

Furthermore, Corning has launched a novel fixed-
bed bioreactor system – ASCENT™. This system 
allows more efficient harvesting of cells out of the 
fixed-bed, thereby making it also feasible for cell 
build purposes at a larger scale. The system will 
be available in the range of 1–1000 m2, with the 
development system in the range of 1–5 m2. 

Adherent Cell Culture

Key considerations
Micro-carrier vs. fixed-bed bioreactors: Although 
Vero cells grow very well on micro-carriers, they  
are not preferred for other cell lines. In general,  
micro-carrier cultivation requires technical  
know-how, intensive development, and scale-
up work. Productivities might also suffer when 
transferring from a static, planar system to a  
stirred, microcarrier-based bioreactor process.  
In such cases, fixed-bed bioreactors are an 
attractive alternative. 

Fixed-bed advantages for certain virus types: For 
viruses harvested solely from medium supernatant, 
fixed-bed bioreactor systems, in which the bulk of 
the medium is always separated from the cells, are 
preferred and allow easy bulk harvest operation. 
Fixed-bed bioreactors systems are also well-suited 
to harvest non-enveloped viruses from cells.  
They offer the option to perform chemical lysis in-
situ, just by adding detergent (and nuclease in most 
cases) to the fixed-bed medium volume, resulting 
in bulk harvest with low volume, and therefore, 
high virus concentration for further downstream 
processing (DSP). 

 
Photo Credit: Pall Corporation, iCellis Fixed Bed Basket
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Virus rescue is a necessary starting point 
for obtaining engineered viral clones for 
use in process development and production 
applications. Virus rescue generates a 
first virus passage and involves different 
technologies for different virus types. In 
most cases, it is based on the transfection 
of one or more plasmids coding for virus 
genome and potentially needed viral 
proteins, which must be present in trans 
to enable virus genome recovery from 
plasmids. By using this kind of ‘reverse 
genetics’ approach, it is now possible to 
recover negative-strand RNA viruses. 

Virus Rescue and Cloning 
Virus rescue is followed by virus cloning, which 
can be performed by plaque isolation and one 
round of virus amplification. If plaque cloning 
cannot be done on an adherent cell line, limited 
dilution cloning is performed in combination with 
an adherent virus-indicator cell line. Three rounds 
of virus cloning are the standard to statistically 
ensure mono-clonality. These activities produce 
the clonal Pre-Master Virus Seed Stock (Pre-MVSS) 
material, which represents the virus seed used to 
infect the culture during cGMP MVSS manufacture. 
The whole process for evaluation and identification 
of a final pre-MVSS clone can take 4-7 months, 
depending on the level of virus characterization 
used in the evaluation at each round of cloning.
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Key considerations:
Procedural control and process safeguards: Even 
though these activities are generally performed 
under non-GMP conditions, utmost care must still 
be taken for optimal documentation, raw material 
usage, and following practices and procedures 
for management of contamination. It is, therefore, 
not unusual to perform these activities in a fully-
segregated laboratory, which provides security 
for the laboratory activities ongoing, as well as for 
other studies ongoing within a multi-product facility 
or CDMO / CRO. Some key considerations include 
the use of enhanced hygiene measures, use of fully-
traced raw materials and their specific lot numbers, 
and the robust documentation of all work. 
Limited use of Animal-derived Raw Materials: If 
possible, only raw material without animal-derived 
components should be used, as to minimize risks 
of potential adventitious agent contamination. If 
such components are necessary, it is required to 
obtain TSE/BSE (transmissible/bovine spongiform 
encephalopathy) vendor compliance certificates 
(European Directorate for the Quality of Medicines & 
HealthCare certification), and discussion with your 
CDMO partner on this topic should be established 
early, as it leads to added considerations for the 
readiness of animal-serviced raw materials as 
they must be additionally screened and released 

Virus Rescue and Cloning 

for use. If using FBS (fetal bovine serum), it is 
recommended to source from countries which  
have had negligible risk and established control 
over BSE (e.g., New Zealand, Australia).  
Further, the serum should be triple-filtered and 
preferable-irradiated (30–45 Gy), and include 
certificates that comply with E.P. 2262 monograph 
and importation regulations of the country you 
are producing in (i.e. USDA (APHIS). FBS, if heat-
inactivated, could impede the growth of some cell 
lines due to the co-inactivation of certain growth 
factors. FBS batch-to-batch performance variation 
might also be an issue. The number of safe FBS 
countries is steadily increasing*.  
Proof of genetic stability: During development, 
and prior to a BLA filing, the genetic stability of the 
virus product should be investigated to determine 
the passage level applicable for commercial 
manufacturing. RNA viruses show a higher level  
of genome change due to the higher error rate  
of RNA-dependent polymerase compared to  
DNA-dependent polymerase. These studies  
could be performed with the Pre-Master Viral  
Bank material. Genome sequencing and  
restriction-enzyme/gel electrophoresis are typically 
done to prove genetic stability and also absence  
of an unwanted virus construct.

*https://www.oie.int/en/disease/bovine-spongiform-encephalopathy/.
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Cell & viral bank characterization: Preparation of 
the sampling plan is an important consideration 
during starting material manufacturing. The CDMO, 
together with the sponsor, must make sure that 
the sampling plan and release testing panel is 
compliant with the relevant regulations. The release 
assay panel depends mainly on the cell line and 
virus seed, as well as use of any animal derived 
raw materials such as fetal bovine serum (FBS) or 
porcine-derived trypsin. Non-infected Control Cells 
might also be needed as part of the adventitious 
agents testing program for full characterization 
(E.P. 2.6.16, ICH Q5A, R1, FDA 1993 PTC). 
Seed amplification step: For the virus seed, a 
further amplification step during the starting cell 
expansion for drug substance (DS) manufacture 
can be considered if insufficient material is 
produced in the first production run. In this case, 
the infectious titer of this material must be 
available at the time of batch infection. In case of 
assay failure, the batch might be jeopardized.
Long-term storage conditions: In the best case, 
the cell culture medium itself supplies sufficient 
storage stability, but some viruses might need 
additional excipients to support freezing, long-term 
storage, and thawing processes. Typical containers 
for cell banks are cryo-vials, and for viral seeds, 
either cryo-vials or glass vials are used. Critical 
stability studies are highly recommended for viral 
seed materials also.

GMP Cell and Virus Bank 
Generation
The cell and virus seed materials are very 
important and valuable assets utilized 
to start the production process. In the 
best of cases, once generated, they are 
usable for the complete product life cycle 
reaching into many years of commercial 
manufacture, and are critical for consistent 
production. This comprises mostly a two-
tiered system by establishing Master and 
Working Cell and Virus Banks accordingly. 

Key considerations:
Key parameters and bank size: For each starting 
material, key parameters such as the number of 
vials, minimum cell density or virus titer, filling 
volumes, and recovery after a freeze-thaw cycle 
should be carefully determined. A typical master 
cell bank is established with 300–500 vials on 
average and 500–1000 for working cell banks, with 
comparable numbers for virus banks.
Pre-GMP feasibility studies: Large-scale banking 
of cell seeds can be challenging. Processing times 
must be carefully planned to make sure that cells 
retain viability and can be recovered independently 
of vial number during GMP filling. Banking feasibility 
studies during process development are, therefore, 
recommended before GMP manufacturing to 
prevent unexpected occurrences within the GMP 
cleanroom which could have been predicted 
through non-GMP evaluation (for instance, 
expanding cells through a few passages, to confirm 
growth parameters meet expectations). If DMSO 
poses unacceptable toxicity, formulations with 
alternative cryo-protectants must be considered. 
Controlled freezing and thawing conditions might 
also help in maximizing cell recovery. 

“BANKING FEASIBILITY STUDIES 
DURING PROCESS DEVELOPMENT ARE, 
THEREFORE, RECOMMENDED BEFORE GMP 
MANUFACTURING TO PREVENT UNEXPECTED 
OCCURRENCES WITHIN THE GMP 
CLEANROOM...”
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DRUG SUBSTANCE (USP) 
Development

DRUG SUBSTANCE (DSP) 
Development

DRUG PRODUCT (DP)  
Development

 Cell line evaluation  
(e.g. Vero, A549, HeLa S3)

Optimization of nuclease treatment conditions [e.g., U/mL, temperature, 
duration, nuclease source (high salt-tolerant nuclease is also available)

Compounding  
(e.g. virus dilution to target 
strength/potency)

Production system evaluation  
(e.g., adherent vs suspension,  
scale-out vs scale-up systems)

Virus recovery from cells  
(e.g. chemical vs mechanical vs hypotonic, scalability)

Additional bioburden, and final 
sterile filtration evaluation

Cell growth and  
banking studies

Clarification filtration (e.g. membrane/depth versus hollow-fiber-based cross-flow, 
flow-rates, pressure, surface area, filter chemistry)

Operational processing times 
and stability considering also 
the Visual Inspection and 
labelling procedures

Adaptation to serum-free 
conditions (optional)

Cross/Tangential-Flow Filtration (CFF/TFF) for product concentration and 
buffer exchange (e.g. Molecular Weight Cut-Off, TMP, shear force, surface area, 
filter chemistry)

Training of operators on the 
Visual Inspection product 
specifications

Adaptation from adherent to 
suspension (optional)

Chromatographic capture step  
(chemistry, binding capacity, flow rates/retention time, loading,  
wash and elution conditions, recovery)

Aseptic media validation runs 
(3x)

Medium and feed evaluation 
for both cell growth and virus 
productivity

Chromatographic polishing (same as above) Primary packaging materials 
and fill volume

DoE-based evaluation of  
virus production parameters  
(MOI, POI, and POH)

Final buffer exchange and concentration by CFF/TFF (same as above) Manual (class A/B background) 
versus automated operation 
(e.g., RABS, Isolator)

Generation of representative 
feed material for DSP

Final 0.2 µm sterile filtration  
(recovery is very critical for viruses close to 200 nm diameter; chemistry, surface, 
flowrate, pressure)

Virus harvest/recovery 
method

Formulation evaluation  
(long-term, accelerated and stressed conditions, aggregation, final storage 
conditions, repeated freeze/thaw, recovery)

Establishment of cell seed 
train for later  
scale-up in GMP

Lyophilization  
(if applicable; as above; optimization of lyo-cycle, recovery, final storage condition, 
and stability)

Bioreactor establishment, 
optimization, and scale-up

DS container final storage d mixing approach  
(type and size, mixing approach, CCIT)

Process development activities and 
considerations depend on the objectives of 
each respective project. 
Some sponsors have established processes ready 
for technology transfer (TT) directly to GMP to their 
CDMO, whereas others might only have a research 
lab-scale process at hand, or a process needing 

Process Development  
and DS/DP Activities 

further development and optimization. The different 
representative activities involved in USP, DSP, 
and DP development are summarized below. It is 
emphasized here that  
DSP development can only generate robust and 
fully representative data if the upstream process  
is well established in the first place.
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Process Development  
and DS/DP Activities continued 

Scale-up and volumetric production: Estimating 
the final clinical or commercial scale of production 
and determining cell-substrate and production 
systems that support this scale should be done as 
early as possible, to prevent unexpected changes or 
setbacks later in clinical development. Taking into 
account the production system scale, and the final 
yield of drug product from your production process, 
must be modeled to align with the intended clinical 
needs for patient treatments and clinical study 
variations (dose-escalation studies, multiple dosing 
regimens). Further, evaluations of this scale and 
compatibility with established CDMOs, should also 
be considered early due to market limitations on 
volumetric capability or capacity. Combination of 
more than one batch of DS to manufacture DP is 
possible but adds additional costs.
Virus recovery strategy: The virus recovery method 
differs with the OV product and production system 
used. The easiest way to recover viruses is when 
they are almost completely released outside of the 
cell into the culture medium or supernatant and 
the cells are still fully or at least mostly intact at 
harvest point. In this case, filtration is performed 
to separate cells and cellular debris from the virus. 
If the virus is mostly intracellular at the point of 
harvest, the cellular membrane must be disrupted. 
Detergent-based cellular lysis is the standard 
method for non-enveloped viruses, whereas 
mechanical or hypotonic lysis is used for  
enveloped viruses. If cell lysis is performed within 
the process, further downstream material for the 
subsequent purification unit operations will be 
heavily burdened with host cell proteins, residual 
DNA, etc., which must be carefully considered 
within the purification strategy. 
Virus purification strategy: Purification strategy 
will likely be different for OVs generated on primary 
cells (e.g., MRC-5, WI-38) or primary chicken 

materials compared to using continuous (fully 
transformed) cell lines. This is mainly due to the 
potential risk associated with cellular oncogenes 
derived from the transformed/oncogenic 
production cell line. Using lower risk primary cell 
substrates allows potentially the omission of 
chromatography steps relying fully on filtration 
technologies. For all other cases, chromatographic 
purification comprising mostly 2 orthogonal steps 
is unavoidable to stay within process residual 
specifications. Ion-exchange and size-exclusion are 
the most commonly used formats. Mixed-mode 
resins are now also available and novel affinity 
resins also gain attraction. For large OVs such as 
Poxviruses and Measles Virus, sterile filtration is not 
possible. In this case, an aseptic process (including 
validation by performing three independent media) 
must have been developed and implemented 
already for clinical phase I. This should be 
considered also for the critical timeline to reach  
the clinic. On another point, purification particularly 
at capture/elute chromatography steps can result  
in very high virus particle titers, which must be  
diluted immediately after elution to prevent  
possible aggregation and/or virus precipitation. 
Adaptation of elution buffer excipients might also 
prevent this issue.

Key considerations:
 

Photo: Vibalogics GmbH Cuxhaven, Germany 
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Stability studies: Stability studies on representative 
materials should be performed as early as possible 
to confirm the suitability of the production process 
and, in particular, the chosen final formulation. 
Evaluating accelerated and stressed temperature 
conditions offer the ability to reduce stability 
study timelines, and provide considerations for 
the chosen final storage temperature. In-process 
stability during DSP operations must be evaluated 
as downstream processes can span across a 
number of days (avg. 2–3 days), with a typical 
short-term hold of downstream processes material 
at 2–8°C. Clinical-hold stability studies can 
determine the maximum exposure time to ambient 
temperatures, which is included in the final primary 
packaging label. Long-term stability studies are 
performed on DS (if it is stored long-term) and DP. 
The respective testing panels should be carefully 
selected to well-represent potency, sterility, and 
physicochemical properties. Taking care of the 
suitable DS/DP final formulation early enough in the 
product development process is important. Failing 
to do so can cost a lot of time, effort, and money.

Process Development  
and DS/DP Activities continued 

Transitioning from DS to DP manufacturing: It is 
very advantageous to store the DS aliquoted, under 
frozen conditions, and perform DP manufacture 
independently at any time as needed. This way 
you can make maximum use of your DS material. 
Freezing DS is particularly attractive if the DS 
scale supplies material for several to many DP 
batches. Here, the DS aliquot size, DS long-term 
stability, and container type/integrity should be 
carefully considered and investigated if possible. 
Freezing your DS also allows you to ship this 
material to global Fill & Finish CDMOs which can 
help strengthen your supply chain through added 
sources of fully-finished DP, and provide you 
product finished in proximity to your final storage 
location when convenient.

“EVALUATING ACCELERATED AND STRESSED 
TEMPERATURE CONDITIONS OFFER THE 
ABILITY TO REDUCE STABILITY STUDY 
TIMELINES...”
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Analytical Development 

Analytical development is a critical 
component of the product development 
strategy. A typical QC (quality control) 
program for an OV product tests for product 
identity, potency, residuals, contaminants, 
safety, and relevant physicochemical 
parameters. It is important to plan for 
assay development timelines, the overall 
scope and resources required, and financial 
considerations of these activities which 
are often underestimated, especially during 
critical points of qualification and validation 
of your methods. 
The most critical potency assay for an OV product 
is the infectious titer assay. Most sponsors desire 
to validate the infectious titer assay already before 
clinical phase I/II. In this case the availability  
of representative in-process, DS-like and  
DP-like materials must be considered in the assay 
validation, toxicology batch supply and overall 
project timelines. Assay validation can only be 
performed with material that is representative 
of the material to be used for the toxicology and 
clinical batches, and full ICH Q2 validation should 
only be performed once a process is “locked” from 
further substantive changes which may impact the 
product or process material being tested. Therefore, 
the DS process must have reached a good level 
of maturity to generate such material. This 
conversely means that the initial phase of process 
development must be executed with non-validated 
methods, which is fully acceptable, and companies 
will further take a “phase-appropriate” approach to 
the assays utilized during clinical trial, and leading 
up to their regulatory filings. 

For live virus products, regulators also recommend 
a second titer-characterizing potency assay 
(genome copy titer or total particle titer). In the 
best case, both assays will be established by the 
sponsor, and with this additional information, typical 
viral particle ratios (total:genome, total:infectious, 
and genome:infectious) can be generated which are 
utilized to indicate the proportion of therapeutically 
active virus particles in a clinical dose and the 
batch-to-batch manufacturing process consistency 
performance. Additionally, total viral particles 
(those which are non-infectious particles) can 
determine the patient’s innate immune response, 
which could potentially lead to serious adverse 
events during trials.
For all adventitious viral agent testing, establishing 
a neutralizing antibody to the OV is useful to 
neutralize product-related interference. As this 
is often not available, Control Cells from MVSS/
WVSS and each manufactured DS batch can be 
used as a substitute substrate for testing as to not 
unnecessarily harm testing when performed in vivo, 
and to not induce cytotoxicity within in vitro assays. 
The use of neutralizing antibodies in such testing, 
must be considered with additional risk to assay 
variability or performance, and considerations 
on establishing appropriate quantities and well-
established reference material for the products 
lifecycle should also be considered.

“FULL ICH Q2 VALIDATION SHOULD ONLY BE 
PERFORMED ONCE A PROCESS IS “LOCKED” 
FROM FURTHER SUBSTANTIVE CHANGES 
WHICH MAY IMPACT THE PRODUCT OR 
PROCESS MATERIAL BEING TESTED”



GMP MANUFACTURING OF ONCOLYTIC VIRUSES: CRITICAL STEPS AND KEY CONSIDERATIONS

12   VIROTHERAPY INSIDER | ONCOLYTIC VIRUSES SERIES - PART 2

Defining timelines and scope: Part of the QC 
release strategy is the definition of timelines 
and scope for required assay validation. Critical 
potency assays might already be validated for 
phase I/II, whereas other assays are validated when 
approaching the start of phase III clinical trials. 
However, performing all validation shortly before 
phase III could result in delays, as the volume of 
work required for assay validation takes time in 
planning and execution, a process which can take 
upwards of 6-12 months+. Assay validation should 
evaluate the production material once the process 
is locked, and begin as the number of appropriate 
GMP production lots and established reference 
standards are available to support the validation 
studies for lot-to-lot comparability. It is common 
to look at utilizing more than one GMP lot, when 
validating assays to show lot-to-lot comparability, 
commonly 3 lots are utilized in a validation plan 
when possible. As such, the validation masterplan 
is often a reasonable balance between general 
readiness of activity, including prepared validation 
procedures and fully defined validation parameters 
or assay acceptance criteria, the timing of financial 
resources for these activities, and the pressures 
for validations to be completed prior to late-phase / 
phase critical activities such process performance 
qualification (PPQ) or Phase III clinical trial 
initiation.
Seeking early regulatory advice: As live viruses 
are complex ‘molecules’ with diverse properties, 
the testing panel must represent this complexity. 
An experienced CDMO can help define the typical 
assays needed for GMP release of cell and virus 
banks, DS and DP. However, sponsors should get 
in touch with the responsible regulatory agencies 
during pre-clinical development to get advice for 
the QC release testing strategy. It is particularly 
important to clarify the potency assays required, 

which are mostly product-specific, and the needed 
pre-clinical animal toxicology studies to show the 
product’s efficacy and particularly safety. 
Setting of specifications for QC release assays: 
Carefully setting the specifications for QC release 
assays can help avoid batch rejections. The 
data volume, and therefore the process know-
how, increases continuously over the product 
development phase. Setting tight specifications 
for certain assays as early as phase I might be 
contra-productive and unnecessary and lead to 
out-of-specification (OOS) and therefore possible 
batch rejection. Process robustness as well as the 
inherent (un-)precision of the respective release 
assay must be considered. 
Testing for residual host-cell DNA: A critical 
assay normally performed by qPCR or ddPCR 
(digital droplet PCR). This test can ensure that 
DNA impurity is reduced to levels below those 
recommended by global regulatory agencies. 
The limit defined by FDA, EMA, and WHO for 
OV products is < 10 ng/dose, which is based 
on an extrapolated probability of the residual 
DNA integrating into the genome. Oncogenic 
potential derives either from the integrated DNA 
fragment coding for an oncogene (derived from 
the manufacturing cell line) or by insertional 
mutagenesis e.g., by activation of a patient’s  
proto-oncogene or changes in transcriptional  
gene activities. Residual host-cell DNA fragment 
size is another concern. Host cell DNA is nuclease 
digested during bulk harvest and/or later during 
purification to destroy fully functioning genes.  
The qPCR test should be stringent enough for  
fragment sizes smaller than 200 bp, which is  
the hypothetically defined minimum size  
needed to translate into a functional, potential  
oncoprotein/onco-peptide. 

Analytical Development 
continued
Key considerations:
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Virus Rescue

Virus Cloning (3x) RCB MCB or WCB (if available already)

PreMVSS

Check Box
• e.g. by multiple-plasmid transfection

• Quality control plasmids

• Sterility, Endotoxin, Sequence

• High level, non-GMP documentation

• Raw materials history, quality and 
compliance

Criticalities:
• Testing: Mycoplasma + Sterililty

• Cell line history

• Raw materials history (TSE/BSE for animal components)

• High level, non-GMP documentation

• Applicable e.g. to Producer Cell Lines

• Growth and banking studies

• Consider cells/vial and vial number

• Release Testing CDMO/ External

• Optional: Long-term stability

• Non-infected cells

• 14-21 days cultivation, observation  and sampling

• Critical safety testing CDMO/ External

• Cell line and production platform choice

• USP+DSP development

• DSP in-process stability 2-8°C

• Release testing CDMO/ External

• Long-term/accelerated/stressed/freeze-thaw stability

• Formulation development

• In-process stability

• Release Testing CDMO/ External

• Long-term/accelerated/stressed/freeze-thaw/at-clinic-use stability

Process:
• Plaque Cloning or Limited Dilution Cloning

• Operator experience neededCritical testing:
• Mycoplasma

• Sterililty

• Infectious titer

• Genome sequencing

• Genetic stability

• Productivity performance

• Process development

• Optional: sterile filtration

• Formulation

• Consider infectious titer and fill volume 

• Release Testing CDMO/ External

• Optional: Long-term stability

GMP Product Cycle

Non-GMP activities

GMP activities

/

MVSS

Control Cells/Bank (see DS)

Drug  
Substance 

(DS)

Drug Product (DP) 
(Fill)

WVSS

MCB

WCB

Control  
Cells/Bank

EOPC

GMP MANUFACTURING OF ONCOLYTIC VIRUSES: CRITICAL STEPS AND KEY CONSIDERATIONS
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How Vibalogics can help?
Vibalogics has extensive experience 
supporting drug developers of all sizes, 
and at all stages, with the development 
and manufacture of virotherapies, with 
a particular focus on OVs. The company 
provides a comprehensive service offering 
at the cutting edge of the OV market to 
support drug developers in advancing their 
revolutionary cancer therapies to market 
and advancing human health.
Vibalogics has GMP accredited, BSL-2/GMO 
S2 classified facilities in the United States and 
Germany, providing comprehensive services 
ranging from process development to GMP drug 
substance and drug product manufacturing, 
including aseptic processing (class B suites) 
capabilities, and a full panel of quality control 
testing services.

The company’s team of experts has an excellent 
track record working with various cell lines relevant 
for OVs, including VERO, A549, HEK293, HeLa, and 

primary CEFs, as well as capabilities to develop 
both cell-based (adherent and suspension) and  
egg-based OV products.

In addition, Vibalogics has in-depth knowledge 
of the global regulatory landscape and can support 
developers in navigating compliance requirements. 

As a result, Vibalogics is well positioned to support 
drug developers not only at the clinical trial stage, 
but at the commercial stage too, providing them 
with expert regulatory and late-phase guidance  
for bringing OVs successfully to market.

Vital Expertise in Virotherapy.

Vibalogics has in-depth knowledge of 
the global regulatory landscape and can 
support developers in navigating compliance 
requirements. 

As a result, Vibalogics is well positioned 
to support drug developers not only at the 
clinical trial stage but at the commercial 
stage too, providing their partners with 
expert regulatory and late-phase guidance for 
bringing OVs successfully to market.

To find out more about how  
Vibalogics can support your 
new OV therapy:

www.vibalogics.com

Or contact our experts:  
www.vibalogics.com/contact



GMP MANUFACTURING OF ONCOLYTIC VIRUSES: CRITICAL STEPS AND KEY CONSIDERATIONS

14   VIROTHERAPY INSIDER | ONCOLYTIC VIRUSES SERIES - PART 2

Kai Lipinski PhD, is CSO at Vibalogics,  
a full-service contract development & 
manufacturing organization. Kai has spent the 
past 23 years working in the virotherapay industry 
and joined Vibalogics in 2010 holding positions as 
Head of Cell Culture and Virus Production, Head of 
Production - Veterinary Products, Head of Process 
Development, and now currently resides as the 
companies global Chief Scientific Officer (CSO). 
At Vibalogics, Kai is central to the establishment 
of virus process development and manufacturing 
capabilities, new technology development and 
evaluation, the company’s public scientific 
representation, and supporting overall strategy 
and new customer onboarding. 

Kai Lipinski, PhD  
Chief Scientific Officer 
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